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exposure  to  air,  is  doubtless  generally  due  to  tlie  presence  of  blood-cor- 
puscles, and  may  bo  explained  in  the  same  way  as  the  occasional  red  colour 
of  lymph. 

Like  blood  and  lymph,  both  of  which  fluids  it  greatly  resembles  m  con- 
stitution, the  chyle  consists  of  a  liquid  holding  small  particles  in  suspension. 
These  particles  are,  1.  Chyle  corpuscles,  or  chyle  globules,  precisely  like  the 
lymph  globules  and  pale  blood  corpuscles  already  described.  2.  Molecules, 
of  almost  immeasurably  minute  but  remarkably  uniform  size.  These  abound 
in  the  fluid,  and  form  an  opaque  white  molecular  matter  diffused  in  it,  which 
Mr.  Gulliver  has  named  the  molecular  base  of  the  chyle.  The  addition  of 
ether  instantly  dissolves  this  matter,  and  renders  the  chyle  nearly,  but  not 
quite,  transparent  ;  whence  it  may  be  inferred  that  the  molecules  are  minute 
particles  of  fatty  matter,  and  no  doubt  the  chief  cause  of  the  opacity  and 
whiteness  of  the  chyle.  According  to  the  Late  Prof.  H.  Muller,  they  are 
each  coated  with  a  fine  film  of  albuminoid  matter.  They  exhibit  the  usual 
tremulous  movements  common  to  the  molecules  of  many  other  substances. 
3.  Oil  globules  ;  these  are  of  various  sizes,  but  much  larger  than  the  mole- 
cules above  described,  and  are  often  found  in  the  chyle  in  considerable 
numbers.  4.  Minute  spherules  (Gulliver),  from  -^l^  to  Wot  of  an  mc^ 
in  diameter  ;  probably  of  an  albuminous  nature,  and  distinguished  from  the 
fatty  molecules  by  their  varying  magnitude  and  their  insolubility  in  ether. 
The  Free  nuclei  described  in  the  chyle  by  Kolliker  he  now  considers  to  be 
derived  from  corpuscles  accidentally  ruptured  in  the  examination. 

The  plasma,  or  liquid  part  of  the  chyle,  contaius  fibrin,  so  that  chyle 
coagulates  on  being  drawn  from  the  vessels,  and  nearly  all  the  chyle  cor- 
puscles, with  part  of  the  molecular  base,  are  involved  in  the  clot.  The 
serum  which  remains,  resembles  in  composition  the  serum  of  lymph  ;  the 
most  notable  difference  between  them  being  the  larger  proportion  of  fatty 
matter  contained  in  the  chyle-serum. 

The  following  analyses  of  lymph  and  chyle  exhibit  the  proportions  of  the  different 
ingredients ;  but  it  must  be  explained  that  the  amount  of  the  corpuscles  cannot  be 
separately  given,  the  greater  part  of  them  being  included  in  the  clot  and  reckoned 
as  fibrin.  No.  1  is  the  mean  of  two  analyses,  by  Gubler  and  Quevenne,  of  human 
lymph  taken  during  life  from  the  lymphatics  of  the  thigh  ;  No.  2,  the  mean  of  three 
analyses  by  Gmclin  of  lymph  from  the  thoracic  duct  of  horses  after  privation  of  food  ; 
No.  3,  by  Dr.  0.  Piees,  of  chyle  from  the  lacteals  of  an  ass,  after  passing  the 
mesenteric  glands. 


I. 

II. 

III. 
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The  extractive  matters  of  the  chyle  and  lymph  probably  vary  with  the  nature  of  the 
food  :  they  generally  contain  sugar  and  nrea  in  appreciable  quantities. 

The  chyle,  when  taken  from  the  lacteal  vessels  before  it  has  reached  the  glands, 
is  generally  found  to  coagulate  less  firmly  than  in  a  more  advanced  stage  of  its 
progress.  In  like  manner  the  lymph,  before  passing  the  lymphatic  glands,  occasion- 
ally exhibits  the  same  weak  coagulation ;  but  Mr.  Lane  justly  remarks,  that  the 
lymph  does  not  differ  in  coagulability  in  the  different  stages  of  its  progress  so. 
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decidedly  and  so  generally  as  lias  been  sometimes  alleged ;  and  this  observation 
accords  with  the  statement  of  Mr.  Hewson  on  the  same  point. 

Dr.  Eees  has  examined  the  fluid  contained  in  the  thoracic  duct  of  the  human 
subject.  It  was  obtained  from  the  body  of  a  criminal  an  hour  and  a  half  afier 
execution,  and,  from  the  small  quantity  of  food  taken  for  some  hours  before  death, 
it  must  have  consisted  principally  of  lymph.  It  had  a  milky  hue  with  a  slight  tinge 
of  buff;  part  of  it  coagulated  feebly  on  cooling:  its  specific  gravity  was  1024.  Its 
analysis,  compared  with  that  of  chyle  from  the  ass,  showed  less  water,  more  albumen, 
less  aqueous  extractive,  and  a  great  deal  less  fat. 

FORMATION  OF  THE  CORPUSCLES  OF  THE  LYMPH  AND  CHYLE. 

The  lymph-plasma  appears  to  consist  fundamentally  of  blood-plasma,  which, 
having  exuded  from  the  capillary  blood-vessels  and  yielded  nutritive  material  to  the 
tissues,  is,  with  more  or  less  admixture  of  waste  products,  returned  by  the  lymphatics. 
As  to  the  origin  of  the  lymph  and  chyle  corpuscles,  it  may,  iu  the  first  place,  be 
observed  that  the  greatly  increased  proportion  of  these  bodies  in  the  vessels  which 
issue  from  the  lymphatic  glands,  and  the  vast  store  of  corpuscles  having  the  same 
characters  contained  in  the  interior  recesses  of  these  glands,  are  unmistakeable  indi- 
cations that  the  glands  are  at  least  a  principal  seat  of  their  production.  They  are, 
most  probably,  produced  by  division  of  parent  corpuscles  or  cells  contained  in  the 
glands,  and  in  some  measure  also  by  further  division  of  corpuscles  thus  produced, 
after  they  have  made  their  way  into  the  lymphatic  vessels.  The  corpuscles  found 
sparingly  both  in  chyle  and  lymph  before  passing  the  mesenteric  glands  may  be  in 
part  formed  in  the  agminated  and  solitary  follicular  glands  of  the  intestine — which, 
though  differing  so  much  in  form,  yet  in  essential  structure  have  much  in  common 
with  the  lymphatic  glands— and  may  come  partly  also  from  the  irregular  deposits  of 
pale  corpuscles,  which  have  recently  been  recognised  in  the  intestinal  mucous  mem- 
brane. Lymph-corpuscles  are  supposed  also  to  be  produced  in  the  spleen,  and  in  the 
thymus  and  thyroid  glands;  but  corpuscles,  although  few  in  number,  and  not 
invariably  present,  have  been  found  in  the  lymph  of  various  regions  of  the  body 
before  it  has  reached  the  glands,  and  they  are  present  in  the  lymph  of  cold-blooded 
vcrtebrata,  whose  lymphatic  vessels,  although  forming  a  well  developed  system,  do 
not  pass  through  glands.  It,  therefore,  seems  necessary  to  admit  some  further  source 
of  the  corpuscles  ;  but  what  this  may  be  is  very  much  a  matter  of  conjecture.  It 
has  been  suggested  that  lymph  corpuscles  are  produced  by  multiplication  of  cells  in 
the  epithelium  which  lines  the  lymphatic  vessels,  in  the  same  way  as  mucous  cor- 
puscles are  supposed  to  be  formed  from  the  epithelium  of  mucous  membranes. 

FORMATION  OF  THE  BLOOD  CORPUSCLES. 

In  the  embryo  cfbatrachians. — In  the  early  embryo  of  the  frog  and  newt  (in  which, 
perhaps,  the  steps  of  the  process  are  best  ascertained),  at  the  time  when  the  circu- 
lation of  the  blood  commences,  t  he  corpuscles  in  that  fluid  appear  as  rounded  cells, 
filled  with  granular  matter,  and  of  larger  average  size  than  the  future  blood  corpuscles. 
The  bodies  in  question,  although  spoken  of  as  cells  and  presenting  a  regularly-defined 
outline,  have  no  separable  envelope.  They  contain,  concealed  in  the  midst  of  the 
granular  mass,  a  pellucid  globular  nucleus,  which  usually  presents  one  or  two  small 
clear  specks,  situated  eccentrically.  The  granular  contents  consist  partly  of  fine 
molecules,  exhibiting  the  usual  molecular  movements ;  and  partly  of  little  angular 
plates,  or  tablets,  of  a  solid  substance,  probably  of  a  fatty  nature.  After  a  few  days, 
most  of  the  cells  have  assumed  an  oval  figure,  and  are  somewhat  reduced  in  size; 
and  the  granular  matter  is  greatly  diminished  iu  quantity,  so  that  the  nucleus  is 
conspicuous.  Now,  also,  the  blood  corpuscles,  previously  colourless,  have  acquired  a 
yellowish  or  faintly  red  colour.  In  a  further  stage,  the  already  oval  cell  is  flattened, 
the  granules  entirely  disappear,  the  colour  is  more  decided,  and,  in  short,  the  blood 
corpuscle  acquires  its  permanent  characters.  From  this  description  it  will  be  seen 
that  the  blood-cells  which  first  appear  agree  in  nature  with  the  embryonic  cells 
(described  at  page  xvi),  and  they  are,  in  all  probability,  produced  by  the  process  of 
segmentation,  which  is  known  to  take  place  in  the  frog's  ovum.  The  different  parts 
of  the  embryo  in  its  early  condition,  the  heart,  for  example,  arc  for  a  time  entirely 
composed  of  cells  of  the  same  kind,  and  all  have  probably  a  common  origin. 
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hi  the  bird. — In  the  egg  of  the  bird,  the  first  appearance  of  blood  corpuscles,  as 
well  as  of  blood-vessels,  is  seen  in  the  blastoderma,  or  germinal  membrane,  a  structure 
formed  by  the  extension  of  the  cicatricula  in  the  early  stages  of  incubation.  The 
commencing  embryo,  with  its  simple  tubular  heart,  is  seen  in  the  middle  of  this 
circular  membrane,  and  blood-vessels,  containing  blood  corpuscles,  appear  over  a 
great  part  of  its  area.  These  first  vessels,  therefore,  though  connected  with  the 
heart,  and  intended  to  convey  nutriment  to  the  embryo,  are  formed  in  an  exterior 
structure  j  but  in  a  somewhat  later  stage,  blood-vessels  and  corpuscles  are  developed 
in  various  textures  and  organs  within  the  body.  The  formation  of  blood  corpuscles 
in  the  vascular  area  of  the  blastoderma  has  been  sedulously  investigated  by  various 
inquirers ;  and  from  their  concurrent  statements,  we  learn  that  these  corpuscles,  at  a 
certain  stage  of  their  progress,  are  rounded  bodies,  larger  than  the  blood-disks  of  the 
adult.  They  contain  a  granular  nucleus,  and  are  quite  devoid  of  colour.  These 
spheroidal  colourless  corpuscles  in  their  further  advancement  become  flattened,  and 
assume  an  oval  figure.  While  undergoing  these  changes  of  form,  they  acquire  a 
red  colour,  which  is  at  first  faint  and  yellowish,  but  gradually  deepens. 

As  to  the  earlier  part  of  the  process — the  production  of  the  above-mentioned  round 
cells,  whose  subsequent  conversion  into  coloured  oval  disks  has  just  been  described — 
it  has  been  held  that  the  cells  which  form  the  substance  of  the  blastoderma  and 
embryo  partly  pass  directly  into  blood  corpuscles,  and  partly  generate  the  latter  by 
fissiparous  multiplication. 

In  man  and  mammalia. — In  the  embryo  of  man  and  mammalia  the  primitive 
blood  corpuscles  are  round,  nucleated,  colourless  bodies,  as  in  the  cases  above  de- 
scribed. Their  substance,  originally  granular,  speedily  clears  up  and  acquires  colour, 
and  thus  they  appear  as  nucleated  red  corpuscles,  of  spheroidal  shape,  and  of  much 
larger  size  than  the  future  red  disks.  They  are  embryonic  cells,  most  probably 
loosened  from  each  other  and  set  free  in  the  excavation  of  the  originally  solid  vessels 
in  the  blastoderma  and  embryo-body ;  and,  both  in  their  primitive  state  and  after 
acquiring  colour,  they  increase  in  number  by  fissiparous  multiplication,  as  represented 
in  fig.  xi.,  p.  xvii.  These  large  nucleated  red  and  colourless  corpuscles,  continuing 
to  increase  in  number,  constitute  the  earliest  and,  for  a  time,  the  only  corpuscles  in 
the  embryo-vessels.  But  their  multiplication  is  soon  arrested,  and  a  new  epoch  in 
blood-formation  begins  with  the  development  of  the  liver.  The  blood  which  returns 
to  the  embryo  charged  with  fresh  material  of  nutrition  from  the  maternal  system, 
has  then  to  pass,  at  first  entirely,  afterwards  in  great  part,  through  the  vessels  of  the 
liver,  and  it  would  seem  that  henceforth  colourless  nucleated  corpuscles  are  produced 
in  that  organ  and  poured  abundantly  into  the  general  mass  of  blood  by  the  hepatic 
veins.  It  is  probable  that  the  liver  continues  its  hsemapoietic  or  blood-forming 
function  throughout  foetal  life;  but,  in  the  meanwhile,  the  spleen  and  lymphatic 
system  have  also  begun  to  produce  pale  corpuscles,  and  in  after  periods  supersede  the 
liver  in  that  office.  These  corpuscles,  either  immediately  or  after  fissiparous  multi- 
plication, acquire  colour  like  the  first — those  from  the  liver  and  spleen  probably  in 
great  part  before  they  leave  these  organs — and  are  converted  into  nucleated  red 
corpuscles.  The  nucleated  red  corpuscles  thus  produced  are  gradually  converted 
into,  or  at  least  succeeded  by,  smaller  disk-shaped  red  corpuscles  without  nuclei, 
having  all  the  characters  of  the  blood-disks  ot  the  adult.  This  transition  or  sub- 
stitution begins  early,  and  proceeds  gradually,  until  at  length,  long  before  the  end  of 
intrauterine  life,  the  nucleated  red  corpuscles  have  altogether  vanished. 

Throughout  life  the  mass  of  blood  is  subject  to  continual  change  ;  a  portion  of  it  is 
constantly  expended,  and  its  place  taken  by  a  fresh  supply.  It  is  certain  that  the 
corpuscles  are  not  exempted  from  this  general  change,  but  it  is  not  known  in  what 
manner  they  are  consumed,  nor  has  the  process  been  fully  traced  by  which  new  ones 
are  continually  formed  to  supply  the  place  of  the  old.  With  regard  to  the  latter 
question,  it  may  be  stated,  that  the  explanation  which  has  hitherto  found  most  favour 
with  physiologists  is,  that  the  corpuscles  of  the  chyle  and  lymph  passing  into  the 
sanguiferous  system,  become  the  pale  corpuscles  of  the  blood ;  and  that  these  last  are 
converted  into  red  disks.  Pale  corpuscles  are  also  generated  in  the  spleen,  and,  after 
part  of  them  have  changed  into  red  disks,  pass  directly  into  the  blood,  independently 
of  those  derived  from  the  chyle  and  lymph.  As  to  the  manner  in  which  the  pale 
corpuscles  are  transformed  into  the  red,  there  is  considerable  difference  of  opinion. 
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According  to  one  view  (adopted  by  Paget,  Kolliker,  Eunice,  and  others),  the  pale 
corpuscles  gradually  become  flattened,  acquire  coloured  contents,  lose  their  nuclei,  and 
shrink  somewhat  in  size,  and  thus  acquire  the  characters  of  the  red  disks.  But  Mr. 
H  barton  Jones  has,  from  an  extended  series  of  observations,  arrived  at  the  conclusion 
that,  whilst  in  birds,  reptiles,  and  fishes,  the  pale  or  lymph  corpuscle„suffering  merely 
some  alteration  of  form  and  contents,  becomes  the  red  disk,  its  nucleus  alone  is 
developed  into  the  red  disk  of  mammalian  blood.  According  to  this  view  (supported 
by  Busk,  Huxley,  and  Gulliver),  while  the  red  corpuscle  of  oviparous  vertebrata  is  the 
transformed  pale  corpuscle— its  development  not  proceeding  beyond  this  stage-the 
non-nucleated  red  disk  of  man  and  mammalia  is,  on  the  other  hand,  con.-idcred  to  be, 
not  the  homologue  of  the  oval  nucleated  red  disk  of  the  oviparous  vertebrata,  but 
that  of  its  nucleus.  It  is  not  within  the  scope  of  this  work  to  enter  upon  a  discussion 
of  the  relative  merits  of  these  opinions,  and  the  reader  is  referred  to  physiological 
works  for  a  consideration  of  these  and  other  views  adopted  by  various  authors  upon 
the  point  at  issue. 


EPIDERMIC,  EPITHELIAL,  OR  CUTICULAR  TISSUE. 

General  nature  and  situation. — It  is  well  known,  that  when  the  skin  is 
blistered,  a  thin,  and  nearly  transparent  membrane,  named  the  cuticle  or 
epidermis,  is  raised  from  its  surface.  In  like  manner,  a  transparent  film 
may  be  raised  from  the  lining  membrane  of  the  mouth,  similar  in  nature  to 
the  epidermis,  although  it  has  in  this  situation  received  the  name  of 
"  epithelium  ;  "  and  under  the  latter  appellation,  a  coating  of  the  same 
kind  exists  on  nearly  all  free  surfaces  of  the  body.  It  is  true  that  in  many 
situations  the  epithelium  cannot  be  actually  raised  from  the  subjacent 
surface  as  a  coherent  membrane,  still  its  existence  as  a  continuous  coating 
can  be  demonstrated  ;  and,  although  in  different  parts  it  presents  important 
differences,  it  has  in  all  cases  the  same  fundamental  structure,  and  its 
several  varieties  are  connected  by  certain  common  characters. 

The  existence  of  a  cuticular  covering  in  one  form  or  other,  has  been 
demonstrated  in  the  following  situations  :  viz.  1.  On  the  surface  of  the 
skin.  2.  On  mucous  membranes  ;  a  class  of  membranes  to  be  afterwards 
described,  which  line  those  internal  cavities  and  passages  of  the  body  that 
open  exteriorly,  viz.,  the  alimentary  canal,  the  lachrymal,  nasal,  tympanic, 
respiratory,  urinary,  and  genital  passages  ;  as  well  as  the  various  glandular 
recesses  and  ducts  of  glands,  which  open  into  these  passages  or  upon  the 
surface  of  the  skin.  3.  On  the  inner  or  free  surface  of  serous  membranes, 
which  line  the  walls  of  closed  cavities  in  the  head,  chest,  abdomen,  and 
other  parts.  4.  On  the  membranes  termed  synovial  within  the  joints. 
6.  On  the  inner  surface  of  the  blood-vessels  and  lymphatics. 

Structure  in  general. — This  tissue  has  no  vessels,  and,  except  in  certain 
parts  of  the  organs  of  the  senses,  is  devoid  of  nerves,  and  of  sensibility  ;  it, 
nevertheless,  possesses  a  decidedly  organised  structure.  Wherever  it  may 
exist,  it  is  formed  essentially  of  micleated  cells  united  together  by  cohesive 
matter,  often  in  too  small  quantity  to  be  apparent.  The  cells,  in 
whatever  way  they  may  be  produced,  make  their  appearance  first  in  the 
deepest  part  of  the  structure,  where  they  receive  material  for  growth  from 
the  blood-vessels  of  the  subjacent  tissue  ;  then,  usually  undergoing  con- 
siderable changes  in  size,  figure,  and  consistency,  they  gradually  rise  to  the 
surface,  where,  as  shown  at  least  in  various  important  examples,  they  are 
thrown  off  and  succeeded  by  others  from  beneath.  In  many  situations  the 
cells  form  several  layers,  in  which  they  may  be  seen  in  different  stages  of 
progress,  from  their  first  appearance  to  their  final  desquamation.  The 
layer  or  layers  thus  formed,  take  the  shape  of  the  surface  to  which  they  are 
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applied,  following  accurately  all  its  eminences,  depressions  and  inequalities. 
Epithelium  when  destroyed  or  cast  off,  is,  for  the  most  part,  very  readily 
regenerated. 

In  accordance  with  the  varied  purposes  which  the  epithelium  is  destined 
to  fulfil,  the  cells  of  which  it  is  composed  come  to  differ  in  different  situa- 
tions, in  figure  and  size,  in  their  position  in  respect  of  eacli  other, 
their  degree  of  mutual  cohesion,  and  in  the  nature  of  the  matter  they 
contain,  as  Avell  as  in  the  vital  endowments  which  they  manifest  ;  and 
founded  on  these  modifications  of  its  constituent  cells,  or,  at  any  rate,  those 
forming  the  superficial  layer,  four  principal  varieties  of  epithelium  have  been 
recognised,  namely,  the  scaly,  the  columnar,  the  spheroidal,  and  the  ciliated, 
each  of  which  will  now  be  described  in  particular. 

It  may  first  be  remarked,  however,  that  amidst  these  changes  the  nucleus 
of  the  cell  undergoes  little  alteration,  and  its  characters  are  accordingly 
remarkably  uniform  throughout.  It  is  round  or  oval,  and  more  or  less 
flattened  ;  its  diameter  measures  from  ^(jo^h  *°  io'oo^  °^  an  ^uc^->  or 
more.  Its  substance  is  insoluble  in  acetic  acid,  and  colourless,  or  but 
slightly  tinted.  It  usually  contains  one  or  two  nucleoli,  distinguished  by 
their  strong  dark  outline  ;  and  a  variable  number  of  more  faintly-marked 
granules  irregularly  scattered.  For  the  most  part,  the  nucleus  is  persistent, 
but  in  some  cases  it  disappears  from  the  cell. 

Scaly  Epithelium.  —  The  scaly,  lamellar, 
tabular,  or  flattened  epithelium  (comprehend- 
ing, in  part,  the  pavement  or  tesselated 
epithelium  of  the  German  anatomists).  In 
this  variety  the  epithelium  particles  have  the 
form  of  small  angular  plates,  or  thin  scales  ; 
in  some  situations  forming  a  single  thin  layer, 
in  others  accumulating  in  many  super-imposed 
strata,  so  as  to  afibrd  to  the  parts  they  cover 
a  defensive  coating  of  considerable  strength 
and  thickness. 

As  a  simple  layer,  it  is  found  on  the  serous, 
and  some  synovial  membranes,  the  inner  surface 
of  the  heart,  blood-vessels  and  absorbents ; 
also  partly  lining  the  cerebral  ventricles  and 
covering  the  choroid  plexuses  ;  on  certain  parts 
within  the  eye  aud  ear,  and  in  some  gland  ducts. 

If  the  surface  of  the  peritoneum,  pleura, 
pericardium,  or  other  serous  membrane  be 
gently  scraped  with  the  edge  of  a  knife,  a 
small  quantity  of  soft  matter  will  be  brought  away,  which,  when  examined 
with  the  microscope,  will  be  found  to  contain  little  shred-like  fragments  of 
epithelium,  in  which  a  few  of  its  constituent  particles  still  hold  together,  like 
the  pieces  composing  a  mosaic  work  (fig.  xx.).  These  particles,  which  are  flat- 
tened cells,  have  for  the  most  part  a  polygonal  figure,  and  are  united  to  each 
other  by  their  edges.  Each  has  a  nucleus,  apparently  in  or  near  the  centre. 
The  addition  of  weak  acetic  acid  renders  the  angular  outline  of  the  cells  as 
well  as  the  nucleus  more  distinct.  The  cells  differ  somewhat  in  size  on  dif- 
ferent parts  of  the  serous  membrane  ;  and  those  which  cover  the  plexus 
choroides  send  downwards  short,  pointed,  transparent  processes  towards  the 
subjacent  tissue. 

The  epithelium  of  the  vascular  system  resembles  in  many  parts  that  of 


Fig.  XX. — Fragment  op  Epi- 
thelium from  a  Serous 
Membrane  (Peritoneum)  ; 
magnified  410  diameters. 

a,  cell ;  b,  nucleus  ;  e,  nu- 
cleoli (Heule). 
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Fig.  XXI. 


the  serous  membranes  ;  but  in  some  situations,  and  especially  in  the  arteries, 
the  flattened  cells,  together  with  their  nuclei,  assume  an  oblong  fusiform 
ngure  and  sometimes  their  outline  becomes  indistinct  from  blending  of 
neighbouring  cells. 

A  scaly  epithelium,  in  which  the  cells  form  several  layers,  (thence  named 
stratified)  covers  the  skin,  where  it  constitutes  the  scarf-skin  or 
epidermis,  which,  together  with  the  hairs  and  nails,  will  be  afterwards  more 
fully  described.  In  this  form  it  exists,  also,  on  the  conjunctival  covering 
of  the  eyeball ;  on  the  membrane  of  the  nose  for  a  short  distance  inwardly  ; 
on  the  tongue  and  the  inside  of  the  mouth,  throat  and  gullet  ;  on  the  vulva 
and  vagina,  extending  some  way  into  the  cervix  of  the  uterus  ;  also  (in  both 
sexes),  on  a  very  small  extent  of  the  membrane  of  the  urethra,  adjoining  the 
external  orifice.     It  is  found,  also,  on  the  synovial  membranes  which  line 

the  joints.  Its  principal  use,  no  doubt, 
is  to  afford  a  protective  covering  to 
these  surfaces,  which  are  almost  all 
more  or  less  exposed  to  friction. 

The  cells  in  this  sort  of  epithelium 
become  converted  into  broad  thin 
scales,  from  to  of  an  inch  in 
diameter,  which  are  loosened  and  cast 
off  at  the  free  surface.  Such  scales, 
both  single  and  connected  in  little 
patches,  may  be  at  all  times  seen  with 
the  microscope  in  mucus  scraped  from 
the  inside  of  the  mouth,  as  shown  in 
fig.  xxi.  ;  but  to  trace  the  progressive 
changes  of  the  cells,  they  must  be  suc- 
cessively examined  at  different  depths  from  the  surface,  and  the  epithelium 
must  also  be  viewed  in  profile,  or  in  a  perpendicular  section,  as  exhibited  in 
fig.  XXII. 

The  deepest  cells,  or  those  next  the  subjacent  tissue,  are  sometimes 


Fig.  XXI.  — Epithelium  Scales  from 

THE  INSIDE  OP  THK  MOUTH  ;  MAGNI- 

fikd  260  diameters  (Henle,). 


Fig.  XXII. 


Fig.  XXII.— Epithelium  from  the  Conjunctiva  of  the  Calf,  folded  so  that  TnE 

FRER  SURFACE  FORMS  THE  UPPER  BORDER  OF  THE  FIGURE,  AND  RENDERED  TRANS- 
PARENT by  Acetic  Acid. 

1  2,  3,  4,  5,  progressive  flattening  of  the  cells  as  they  rise  to  the  surface.  The 
outline' figures  represent  single  cells  from  different  depths,  viewed  on  their  surface;  and 
at  4'  audV,  edgeways.    Magnified  410  diameters  (chiefly  after  Henle). 
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rounded  or  spheroidal  in  shape  (fig.  xxii., '),  and  but  little  larger  than  their 
nucleus  ;  but  more  commonly  the  uudermost  layer  is  formed  (as  shown  iu 
ficr.  xxin.)  of  oblong  cells,  which  are  placed  vertically,  and  may  be  larger  iu 
size  than  the  round  cells  which  lie  immediately  over  them.  Such  oblong 
vertical  cells  occur  in  the  undermost  layer  of  the  epidermis,  and  similarly  in 
the  epithelium  of  the  cornea  and  of  various  parts  of  the  mucous  membranes. 
Sometimes  they  form  two  or  three  successive  rows.  Higher  up  in  the  mass 
the  cells  are  enlarged  ;  they  have  a  globular  or  oval  figure,  and  are  filled 
with  soft  matter  ;  they  next  become  flattened,  but  still  retain  their  round 
or  oval  outline ;  then  the  continued  flattening  causes  their  opposite  sides  to 
meet  and  cohere,  except  where  separated  by  the  nucleus,  and  they  are  at 
length  converted  into  thin 
scales,  which  form  the  upper- 
most layers.  While  they  are 
undergoing  this  chauge  of 
figure,  their  substance  becomes 
more  firm  and  solid,  and  their 
chemical  nature  is  more  or 
less  altered  ;  for  the  cell- 
membrane  of  the  softer  and 
more  deep-seated  cells  may  be 
dissolved  by  acetic  acid,  which 
is  not  the  case  with  those 
nearer  the  surface.  The  nu- 
cleus at  first  enlarges,  as  well 
as  the  cell,  but  in  a  much 
less  degree.  The  scales  near  the  surface  overlap  a  little  at  their  edges,  and 
their  figure  is  very  various  ;  somewhat  deeper  it  is  mostly  polygonal,  and 
more  uniform. 

In  various  parts,  the  more  superficial  and  denser  layers  of  the  scaly 
epithelium  can  be  readily  separated  from  the  deeper,  more  recently  formed, 
softer  and  more  opaque  part  which  lies  underneath  ;  so  that  the  latter 
is  often  distinguished  as  the  Malpighian  or  mucous  layer  (stratum  or  rete 
mucosum),  although  it  is  now  well  understood  not  to  be  an  independent 
membrane.    This  point  will  be  again  noticed  in  treating  of  the  skin. 

Furrowed  and  spinous  cells  of  epithelium. — It  was  long  since  noticed  by  Henle 
that  the  flattened  cells  sometimes  present  a  striated  appearance,  and  quite  recently 
Max  Schultze  and  Virchow  have  described  cells  marked  on  the  surface  with  parallel 
ridges  and  furrows  (Riffzellen),  and  others  (StacMzellen)  covered  with  spines,  and 
therefore  presenting  a  fringed  or  denticulate  border  (fig.  xxiv.).  Both  varieties  have 
been  found  in  the  epithelium  of  the  tongue,  lips,  and  conjunctiva,  and  in  the 
epidermis ;  and  in  all  cases  are  confined  to  the  deeper  or  Malpighian  layers.  Similar 
cells  have  been  found  in  epithelial  cancer  and  in  cancroid  tumours ;  and  flattened 
cells,  beset  with  minute  spines  on  their  free  surface,  have  recently  been  noticed  (by 
Broueff  and  Eberth)  in  the  epithelium  covering  the  inner  surface  of  the  cat's 
amnion. 

In  thin  vertical  sections  of  the  epidermis  of  the  fingers  I  have  seen  what  appeared 
to  be  cells  with  a  deeply  serrated  outline,  in  the  Malpighian  layer,  but  I  have  not 
been  able  to  separate  them  so  as  to  examine  them  singly. 

Orowth.—lt  must  be  admitted  that  the  continued  production  of  now  cells  by  which 
this  and  other  kinds  of  epithelium  are  maintained,  is  not  yet  thoroughly  understood. 
It  was  at  one  time  commonly  believed  that  the  cells  which  go  through  the  changes 
of  form  and  position  already  described,  are  formed  from  nuclei  arising  by  independent 
formation  in  a  blastema  supplied  by  the  subjacent  vascular  membrane  j  but  it  is  now 


Fig.  XXIII. 


Fig.  XXIII.— Diagram  op  Section  of  Epithe- 
lium, IN  WHICH  THE  UNDERMOST  CELLS  ARE 
OBLONG  AND  VERTICAL. 
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more  generally  held  tliat  the  new  epithelium-cells  are  produced  by  division  of  pre- 
existing cells  in  the  lowermost  stratum.  In  the  earliest  condition  of  the  embryo 
tnere  are  special  layers  of  cells,  derived  from  the  primitive  embryonic  cells,  set  aside 
tor  tlm  production  of  the  epidermis  and  of  the  intestinal  and  glandular  epithelium ; 
and  it  is  quite  conceivable,  and  by  some  histologists  considered  most  probable,  that 

the  subsequent  generations  of  epidermic  and  epithelial 
cells  by  which  the  tissue  is  throughout  life  main- 
tained, are  derived  by  unbroken  descent  from  the 
original  embryonic  stratum.  At  the  same  time  the 
reproduction  of  epidermis  in  cicatrices  after  wide 
and  deep  destruction  of  the  subjacent  skin,  implies 
some  other  source  of  new  cells ;  unless  indeed  it  be 
supposed  that  the  new  cuticle  grows  exclusively  from 
the  old  at  the  circumference  of  the  sore.  Setting 
aside  this  supposition,  we  might  conceive  the  new 
cells  to  come  from  the  connective-tissue  corpuscles  of 
the  granulating  surface  of  the  new-growing  skin;  and 
a  recent  writer  (Dr.  Otto  Weber)  describes  such  mode 
of  reproduction  of  epidermis  as  actually  observed  by 
him  in  the  healing  of  wounds ;  moreover,  it  may  be 
questioned  whether,  in  certain  situations,  this  may 
not  be  the  regular  process  by  which  the  growth  of 
epithelium  is  maintained. 

When  the  lowermost  cells  are  elongated  and  vertical, 
it  is  difficult  to  conceive  that  they  rise  up  as  such, 
and  take  their  place  in  the  upper  strata  ;  for  the  cells 
next  above  them  are  spheroidal  in  shape  and  smaller 
in  size.  It  seems  more  likely  that  they  divide  into 
or  produce  the  smaller  cells.  It  might  be  supposed  that  an  oblong  vertical 
cell,  by  division  of  its  nucleus  and  separation  of  the  upper  portion  of  the  cell-body, 
produces  a  new  and  smaller  cell,  which  rises  up,  while  the  parent  cell  maintains 
its  place,  and  lengthens  out  again  for  a  repetition  of  the  process.  Dr.  Schneider  * 
describes  appearances  actually  observed  by  him  in  the  epithelium  covering  the  front 
of  the  cornea,  which  seem  to  indicate  a  process  of  this  kind ;  but  much  more  extended 
observations  are  required  to  settle  the  point.  I  have  seen  cells  with  double  or  divided 
nuclei  in  the  epithelium  of  the  bladder,  but  not  confined  to  the  deep  strata;  on 

the  other  hand,  I  have  never 
Fig.  XXV.  been  able  to  perceive  indica- 

tions of  division  in  the  deep 
A  B  C  vertical  cells  of  the  epider- 

-..^  mis  ;  at  the  same  time  it  is 

plain  that  the  latter  are  not 
\       mere  nuclei  imbedded  in  a 
blastema  ; — the    nucleus  is 
'<     surrounded   by  a  tolerably 
;         j     well-marked  cell-body,  which 
j     has  a  deeply  denticulate'  or 
/      fringed  border  at  the  part 
/        turned  towards  the  eoriuin. 


Fig.  XXIV.— Spinous  Cells 
from     TnE  Malpiqhian 

LAYKR  OF  THE  HUMAN  EPI- 
DERMIS ;     ABOUT  ^  INCH 

in  diameter  (alter  M. 
Schultze,  Virch.  Arch.  vol. 
30). 


Columnar  Epithelium 
(Cylinderepitheliurn  of 
Germ.  Anat.). — In  this 
variety  (figs.  xxv.  and 
xxvi.),  the  constituent 
cells  are  elongated  in  a  direction  perpendicular  to  the  surface  of  the  membrane, 
so  as  to  form  short  upright  columns,  which  may  be  of  the  same  thickness 


Fig.   XXV. — A,   Columns  op  Epithelium  from  the 
Intestine  magnified  ;  B,  viewed  bi  their  broad 

FREE  EXTREMITT  J    C,   SEEN  IN  A  TRANSVERSE  SEOTION 

of  an  Intestinal  Villus  (from  Ilenle). 


Wiirzb.  Naturwiss  :  Zeitschrift,  vol.  iii.  1862. 
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throughout,  but  are,  more  frequently,  smaller  or  eveu  pointed  at  their 
lower  or  attached  extremity,  and  broader  at  the  upper  (fig.  xxv.  a). 
They  are  mostly  flattenei  on  their  sides,  by  which  they  are  in  mutual 
apposition,  at  least  in  their  upper  and  broaded  part,  and  have,  therefore, 
so  far  a  prismatic  figure,  their  broad  flat  ends  appearing  at  the  surface  of 
the  epithelium  in  form  of  little  polygonal  areas  (fig.  xxv.  b).  The 
nucleus,  usually  oval,  and  containing  a  nucleolus,  is  placed  near  the  middle 
of  the  column,  and  is  often  so  large  in  proportion  to  the  cell,  as  to  cause 
a  bulging  at  that  part  ;  in  which  case  the  height  of  the  nucleus  differs  iu 
contiguous  columns,  the  better  to  allow  of  mutual  adaptation. 

This  variety  of  epithelium  is 
confined  to  mucous  membranes. 
It  is  found  in  the  stomach  ;  on 
the  mucous  membrane  of  the 
intestines  in  its  whole  extent ; 
iu  the  whole  length  of  the 
urethra,  except  a  small  part  at 
the  orifice.  It  extends  along 
the  ducts  of  the  greater  number 
of  glands,  whether  large  or 
small,  which  open  on  the  mu- 
cous membrane,  but  not  through 
their  entire  length  ;  for,  at  their 
extremities,  these  ducts  have  for 
the  most  part  an  epithelium  of 
a  different  character.    It  covers  also  the  inner  membrane  of  the  gall-bladder. 

In  these  different  situations  the  cells  form  but  a  single  layer.  On  the 
proper  olfactory  region  of  the  nasal  mucous  membrane  there  is  a  modification 
of  the  columnar  epithelium,  iu  which  the  cells,  tinged  with  brownish  yellow 
pigment,  are  associated  with  the  terminations  of  the  olfactory  nerves,  and 
present  other  peculiarities,  which  will  be  noticed  in  the  special  description  of 
the  organ  of  smelling. 

The  substance  ordinarily  contained  in  the  columnar  cells  has  a  faintly  granular 
aspect,  and  consists  chiefly  of  mucus,  which  is  no  doubt  produced  in  the  cell.  Under 
exposure  to  water  this  mucus  swells  up  and  escapes  in  form  of  a  pellucid  drop 
(fig.  xxvii.,  a,  &).  During  digestion  of  food  containing  oil  or  fat,  the  cells  of  the 
intestinal  epithelium  are  often  found  to  be  filled  with  minute  fat-molecules;  as  if 
they  had  some  part  to  perform  in  the  absorption  of  that  aliment.  The  wall  of  the 
cell  forming  the  basis  or  free  end  is  comparatively  thick  (fig.  xxvi.,  a),  and  is  marked 
by  fine  parallel  lines  running  perpendicular  to  the  surface  (fig.  xxvii.,  1,  2).  The 
thick,  striated  border  is  superadded,  as  it  were,  to  the  thin  proper  wall  forming  the 
base  of  the  cell,  and  is  regarded  by  Kolliker,  who  first  pointed  out  its  striated 
character,  as  an  excreted  product  of  the  cell,  deposited  upon  its  outer  surface,  as 
occurs  in  the  cuticular  structures  of  many  of  the  inferior  animals.  As  to  the  striation, 
^t  might  no  doubt  be  produced  by  a  fine  columnar  or  fibrous  structure,  but  most 
observers  agree  with  Kolliker  in  ascribing  it  to  fine  tubular  passages  perforating  the 
cell-wall ;  and  it  is  further  supposed  that  such  porous  structure  would  account  for  the 
assumption  of  fat-molcculcs  or  other  minutely  divided  matters  into  the  cell,  and  may 
be  subservient  to  an  absorptive  function  in  cells  so  constituted.  It  must  be  stated, 
however,  that  a  thickened  striated  border  has  been  since  observed  in  various  other 
epithelium  cells  which  are  not  so  obviously  connected  with  the  function  of  absorption, 
such  as  those  lining  the  biliary  and  urinary  passages,  and  the  parotid  and  pancreatic 
ducts. 

As  fat,  in  a  state  of  minute  division,  is  undoubtedly  taken  into  the  epithelium  cells 
of  the  intestinal  villi  and  disappears  from  them  again,  it  was  natural  to  look  for  some 


Fig.  XXVI. 


Fig.  XXVI. — Epithelium    from  intestinal 

VILLUS  OP  A  RauBIT  ;  MAGNIFIED  3u0  DIA- 
METERS. 

a,  Thick  border  (from  Kolliker). 
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way  by  which  it  might  be  conveyed  from  the  cells  into  the  lacteal  vessels  •  but 
Hitherto  the  search  has  not  been  successful.    The  alleged  communication  of  the' cells 

in  question  with  lacteal  vessels,  through 


Fig.  XXVII. 


Fig.  XXVII.— Ohms  op 
TnELiuM    of  Rabbit, 


Intestinal  Epi- 
treated  with 


water;  maunified  350  diameters. 

1  and  2  show  striated  or  porous  border, 
somewhat  swollen  by  imbibition ;  a,  b, 
pellucid  drops  of  mucus  which  have  escaped 
from  the  cells  (from  Kolliker). 


the  intermedium  of  connective-tissue 
corpuscles,  rests  on  no  sufficient  evi- 
dence. It  is  true  that  processes,  like 
roots,  have  in  some  cases  been  observed 
running  down  from  columnar  cells  into 
the  subjacent  tissue,  and  in  the  epithe- 
lium of  the  olfactory  membrane  these 
radical  processes  are  long  and  ramified ; 
but  the  connection  of  these  prolongations 
with  connective-tissue  corpuscles  is  as 
yet  a  matter  of  presumption  only ; 
although  there  is  proof  of  such  con- 
nection in  the  case  of  some  ciliated 
epithelium  cells  ;  and  it  is  material  to  ob- 
serve that  the  intestinal  epithelium, 
when  examined  fresh  and  without  the 
aid  of  condensing  reagents,  shows  no 
such  processes. 

The  particles  of  columnar  epithelium  are  undoubtedly  subject  to  shedding  and 
renovation  ;  but  although  various  suppositions  have  been  hazarded  as  to  the  mode  in 
which  this  is  effected,  it  must  be  admitted  that  no  satisfactory  account  has  been  given 
of  the  process.  According  to  Donders  and  Kolliker,  the  columnar  cells  on  the  villi 
appear  occasionally  to  cast  off  a  part  from  their  upper  end,  with  subsequent  repara- 
tion of  the  loss.  That  is,  a  cell  enlarges  and  a  second  nucleus  appears ;  the  upper  and 
broader  part,  with  one  nucleus  and  much  of  the  cell  contents,  separates,  and  the  lower 
remaining  portion,  with  its  nucleus,  grows  again  to  the  natural  size.  The  extiuded 
portion  is  supposed  to  become  a  mucus-corpuscle. 

Spheroidal  Epithelium. — In  this  variety,  the  cells  for  the  most  part  retain 
their  primitive  roundness,  or,  being  flattened  where  they  touch,  acquire  a 
polyhedral  figure,  in  which  no  one  dimension  remarkably  predominates. 
Hence  the  above  term  was  applied  to  this  form  of  epithelium  by  Mr. 
Bowman.  But  in  some  places  the  cells  show  a  tendency  to  lengthen  into 
columns  and  in  others  to  flatten  into  tables,  especially  when  this  epithelium 
approaches  the  confines  of  one  or  other  of  the  preceding  varieties  ;  in  such 
cases  it  has  been  named  transitional;  moreover,  when  the  scaly  and  columnar 
varieties  border  upon  one  another,  the  figure  of  their  particles  is  gradually 

changed,  presenting  various  intermediate  forms ; 
in  other  words,  the  epithelium  there  puts  on  the 
transitional  character,  though  it  may  be  only 
for  a  very  small  space. 

The  spheroidal  epithelium  is  found  in  the 
excretory  ducts  of  the  mammary,  perspiratory, 
and  of  many  mucous  glands,  and  a  modification 
of  the  spheroidal  epithelium  lines  the  inmost 
secreting    cavities,    or   commencing    ducts  of^ 
glands  generally  (fig.   xxviii.).     In  this  last- 
mentioned  situation,  where  it  is  sometimes  dis- 
tinguished by  the  name  of  glandular  epithelium, 
the  nucleated  cells  contain  a  large  proportion  of 
fine  granular  matter ;  in  some  cases  even,  the  peculiar  ingredients  of  the 
secretion  may  be  recognised  in  them  ;  and  it  is  conceived,  that  they  have  a 
considerable  sharo  in  preparing  or  separating  these  matters  from  the  blood. 
Ciliated  Upithtlium. — In  this  form  of  epithelium,  the  particles,  which  are 


Fig.  XXVIII. 


Fig.  XXVIII. — Cells  from 
the  Liver  magnified  (Dr. 
Baly). 
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generally  columnar,  boar  at  their  free  extremities  little  hair-like  pro- 
cesses, which  are  agitated  incessantly  during  life,  and  for  some  time  after 
death,  with  a  lashing  or  vibrating  motion.  These  minute  and  delicate 
moving  organs  are  named  cilia.  They  have  now  been  discovered  to 
exist  very  extensively  throughout  the  animal  kingdom  ;  and  the  move- 
ments they  produce  are  subservient  to  very  varied  purposes  in  the  animal 
economy. 

In  the  human  body  the  ciliated  epithelium  occurs  in  the  following  parts, 
viz.  : — 1.  On  the  mucous  membrane  of  the  air  passages  and  its  pro- 
longations. It  commences  at  a  little  distance  within  the  nostrils,  covers 
the  membrane  of  the  nose  and  of  the  adjoining  bony  sinuses,  extends  up 
into  the  nasal  duct  and  lachrymal  sac.  From  the  nose  it  spreads  back- 
wards a  certain  way  on  the  upper  surface  of  the  soft  palate,  and  over  the 
upper  or  nasal  region  of  the  pharynx  ;  thence  along  the  Eustachian  tube 
and  lining  membrane  of  the  tympanum,  of  which  it  covers  the  greater  part. 
The  lower  part  of  the  pharynx  is  covered  by  scaly  epithelium  as  already 
mentioned  ;  but  the  ciliated  epithelium  begins  again  in  the  larynx  a  little 
above  the  glottis,  and  continues  throughout  the  trachea  and  the  bronchial 
tubes  in  the  lungs  to  their  smallest  ramifications.  2.  On  the  mucous  lining 
of  the  uterus,  commencing  at  the  middle  of  the  cervix  and  extending  along 
the  Fallopian  tubes,  even  to  the  peritoneal  surface  of  the  latter  at  their 
fimbriated  extremities.  3.  Lining  the  vasa  efferenUa,  coni  vasculosi,  and 
first  part  of  the  excretory  duct  of  the  testicle.  4.  To  a  large  extent  on 
the  parietes  of  the  ventricles  of  the  brain,  and  throughout  the  central  canal 
of  the  spinal  cord. 

In  other  maminiferous  animals,  as  far  as  examined,  cilia  have  been  found 
in  nearly  the  same  parts.  To  see  them  in  motion  a  portion  of  ciliated 
mucous  membrane  may  be  taken  from  the  body  of  a  recently  killed  quad- 
ruped. The  piece  of  membrane  is  to  be  folded  with  its  free  or  ciliated 
surface  outwards,  placed  on  a  slip  of  glass,  with  a  little  weak  salt  water  or 
serum  of  blood,  and  covered  with  a  bit  of  thin  glass  or  mica.  When  it  is 
now  viewed  with  a  magnifying  power  of  200  diameters,  or  upwards,  a  very 
obvious  agitation  will  be  perceived  on  the  edge  of  the  fold,  and  this 
appearance  is  caused  by  the  moving  cilia  with  which  the  surface  of  the 
membrane  is  covered.  Being  set  close  together,  and  moving  simultaneously 
or  in  quick  succession,  the  cilia,  when  in  brisk  action,  give  rise  to  the 
appearance  of  a  bright  transparent  fringe  along  the  fold  of  the  membrane, 
agitated  by  such  a  rapid  and  incessant  motion,  that  the  single  threads  which 
compose  it  cannot  be  perceived.  The  motion  here  meant,  is  that  of  the 
cilia  themselves  ;  but  they  also  set  in  motion  the  adjoining  fluid,  driving  it 
along  the  ciliated  surface,  as  is  indicated  by  the  agitation  of  any  little 
particles  that  may  accidentally  float  in  it.  The  fact  of  the  conveyance  of 
fluids  and  other  matters  along  the  ciliated  surface,  as  well  as  the  direction 
in  which  they  are  impelled,  may  also  be  made  manifest  by  immersing  the 
membrane  in  fluid,  and  dropping  on  it  some  finely  pulverised  substance 
(such  as  charcoal  in  fine  powder),  which  will  be  slowly  but  steadily  carried 
along  in  a  constant  and  determinate  direction  ;  and  this  may  be  seen  with 
the  naked  eye,  or  with  the  aid  of  a  lens  of  low  power. 

The  ciliary  motion  of  the  human  mucous  membrane  ia  beautifully  seen 
on  the  surface  of  recently  extracted  nasal  polypi ;  and  single  ciliated  parti- 
cles, with  their  cilia  still  in  motion,  are  sometimes  separated  accidentally 
from  mucous  surfaces  in  the  living  body,  and  may  be  discovered  in  the  dis- 
charged mucus ;  or  they  may  even  be  purposely  detached  by  gentle  abrasion. 
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But  the  extent  and  limits  of  the  ciliated  epithelium  of  the  human  body  have 
been  determined  chiefly  from  its  anatomical  characters. 

Cilia  have  now  been  shown  to  exist  in  almost  every  class  of  animals 
from  the  highest  to  the  lowest.  The  immediate  purpose  which  they  serve 
is,  to  impel  matter,  generally  more  or  less  fluid,  along  the  surfaces  on  which 
they  are  attached  ;  or,  to  propel  through  a  liquid  medium  the  ciliated 
bodies  of  minute  animals,  or  other  small  objects  on  the  surface  of  which 
cilia  are  present ;  as  is  the  case  with  many  infusorial  animalcules,  in  which 
the  cilia  serve  as  organs  of  locomotioD  like  the  fins  of  larger  aquatic  animals, 
and  as  happens,  too,  in  the  ova  of  many  vertebrate  as  well  as  invertebrate 
animals,  where  the  yelk  revolves  in  its  surrounding  fluid  by  the  aid  of  cilia 
on  its  surface.  In  many  of  the  lower  tribes  of  aquatic  animals,  the  cilia 
acquire  a  high  degree  of  importance  :  producing  the  flow  of  water  over  the 
surface  of  their  organs  of  respiration,  indispensable  to  the  exercise  of  that 
function  ;  enabling  the  animals  to  seize  their  prey,  or  to  swallow  then-  food, 
and  performing  various  other  offices  of  greater  or  less  importance  in  their 
economy.   In  man,  and  the  warm-blooded  animals,  their  use  is  apparently  to 

impel  secreted  fluids  or  other  matters  along  the 
ciliated  surface,  as,  for  example,  the  mucus  of 
the  windpipe  aud  nasal  sinuses,  which  they 
carry  towards  the  outlet  of  these  cavities. 

The  cells  of  the  ciliated  epithelium  contain 
nuclei,  as  usual ;  they  have  most  generally  an 
elongated  or  prismatic  form  (fig.  xxix.),  like 
the  particles  of  the  columnar  epithelium,  which 
they  resemble  too  in  arrangement  but  are 
often  of  greater  length  and  more  slender  and 
pointed  at  their  lower  end.  The  cilia  are 
attached  to  their  broad  or  superficial  end, 
each  columnar  particle  bearing  a  tuft  of  these 
minute  hair-like  processes.  In  some  cases,  the 
cells  are  spheroidal  in  figure,  the  cilia  being 
still,  of  course,  confined  to  that  portion  of  the 
cell  which  forms  part  of  the  general  surface  of 
the  epithelial  layer,  as  shown  in  fig.  xxx.,  which  represents  such  cells  from 
the  epithelium  of  the  frog's  mouth.     In  man  this  form  occurs  in  the  ciliated 

epithelium  of  the  cerebral  ventricles  and  tympa- 
num, where  the  cells  form  but  a  single  stratum. 
The  columnar  ciliated  epithelium  also  may  exist  as 
a  simple  layer,  as  in  the  uterus  and  Fallopian  tubes, 
the  finest  ramifications  of  the  bronchia,  and  the 
central  canal  of  the  spinal  cord  ;  but  in  various 
other  parts — as  the  nose,  pharynx,  Eustachian 
tube,  the  trachea  and  its  larger  divisions — there 
is  a  layer  of  elongated  cells  beneath  the  superficial 
ciliated  range,  filling  up  the  spaces  between  the 
pointed  extremities  of  the  latter,  and  beneath 
this  is  an  undermost  layer  formed  of  small 
rounded  cells  (fig.  xxxr.).  Probably  the  sub- 
jacent cells  acquire  cilia,  and  take  the  place  of 
ciliated  cells  which  are  cast  off ;  but  the  mode  of 
renovation  of  ciliated  epithelium  is  not  yet  fully  understood. 
The  relation  of  the  ciliated,  as  well  as  other  epithelium  cells,  to  the  connective-tissue 


Fig.  XXIX. 


Fig.  XXIX.  —  Columnar 
Ciliated  Epituelium  Cells 
from  the  Human  Nasal 
Membrane;  magnified  300 
diameters. 


Fig.  XXX. 


Fig.  XXX. — Spheroidal 
Ciliated  Cells  from 
the  Mouth  of  the 
Frog  ;  magnified  300 
diameters. 


CILIATED  EPITHELIUM. 


lxi 


of  the  subjacent  membrane,  bas  much  engaged  attention  since  the  importance  of  the 
connective-tissue  corpuscles  lias 


come  to  be  recognised ;  and  a 
strong  impression  or  belief  pre- 
vails that  r.uch  epithelium  cells 
are  structurally  connected  by- 
prolongations  from  their  lower 
ends  with  these  corpuscles,  and 
genetically  related  to  them. 
As  a  matter  of  observation 
such  anatomical  connection  is 
affirmed  on  excellent  authority 
(Lockhart  Clarke,  Gerlach  and 
others)  in  reference  to  the 
columnar  ciliated  epithelium  of 
the  central  canal  of  the  spinal 
cord  and  the  Sylvian  aqueduct, 
but  the  evidence  in  other  cases 
is  not  so  satisfactory. 


Fig.  XXXI. 


Fig.   XXXI. — Ciliated   Epithelium    from  thk 
Human  Windpipe  ;  magnified  350  diameters. 

a,  b,  subjacent  membrane ;  c,  lowermost  or  round 
cells  ;  d,  middle  layer  of  oval  cells  ;  c,  superficial  or 
ciliated  cells  (from  Kolliker). 


The  cilia  themselves  differ 
widely  in  size  in  different 
animals,  and  they  are  not 

equal  in  all  parts  of  the  same  animal.  Tn  the  human  windpipe  they 
measure  ■yj^ofith  to  -ojjj^th  of  an  inch  in  length  ;  but  in  many  invertebrate 
animals,  especially  such  as  live  in  salt  water,  they  are  a  great  deal  larger. 
In  figure  they  have  the  aspect  of  slender,  conical,  or  slightly  flattened  fila- 
ments ;  broader  at  the  base  and  usually  pointed  at  their  free  extremity. 
Their  substance  is  transparent,  soft,  and  flexible.  It  is  to  all  appearance 
homogeneous,  and  no  fibres,  granules,  or  other  indications  of  definite 
internal  structure,  have  been  satisfactorily  demonstrated  in  it. 

Motion  of  the  cilia. — The  manner  in  which  the  cilia  move,  is  best  seen 
when  they  are  not  acting  very  briskly.  Most  generally  they  seem  to  execute 
a  sort  of  fanning  or  lashing  movement  ;  and  when  a  number  of  them 
perform  this  motion  in  regular  succession,  as  is  generally  the  case,  they  give 
rise  to  the  appearance  of  a  series  of  waves  travelling  along  the  range  of 
cilia,  like  the  waves  caused  by  the  wind  in  a  field  of  corn.  When  they  are 
in  very  rapid  action  the  undulation  is  less  obvious,  and,  as  Henle  remarks, 
their  motion  then  conveys  the  idea  of  swiftly  running  water.  The  undu- 
lating movement  may  be  beautifully  seen  on  the  gills  of  a  mussel,  and  on 
the  arms  of  many  polypes.  The  undulations,  with  some  exceptions,  seem 
always  to  travel  in  the  same  direction  on  the  same  parts.  The  impulsion, 
also,  which  the  cilia  communicate  to  the  fluids  or  other  matters  in  contact 
with  them,  maintains  a  constant  direction ;  unless  in  certain  of  the  infusoria, 
in  which  the  motion  is  often  variable  and  arbitrary  in  direction,  and  has 
even  been  supposed  to  be  voluntary.  Thus  in  the  windpipe  of  mammalia, 
the  mucus  is  conveyed  upwards  towards  the  larynx,  and  if  a  portion  of  the 
membrane  be  detached,  matters  will  still  be  conveyed  along  the  surface  of 
the  separated  fragment  in  the  same  direction  relatively  to  that  surface,  as 
before  its  separation. 

The  persistence  of  the  ciliary  motion  for  some  time  after  death,  and  the 
regularity  with  which  it  goes  on  in  parts  separated  from  the  rest  of  the  body, 
sufficiently  prove  that,  with  the  possible  exceptions  alluded  to,  it  is  not 
under  the  influence  of  the  will  of  the  animal  nor  dependent  for  its  produc- 
tion on  the  nervous  ceutros,  and  it  does  not  appear  to  be  influenced  in  any 


Ixii 


CILIATED  EPITHELIUM. 


way  by  stimulation  or  sudden  destruction  of  these  centres.  The  time  which 
it  continues  after  death  or  separation  differs  in  different  kinds  of  auimals, 
and  is  also  materially  influenced  by  temperature  and  by  the  nature  of  the 
fluid  in  contact  with  the  surface.  In  warm-blooded  animals  the  period 
varies  from  two  or  three  hours  to  two  days,  or  oven  more  ;  being  longer  in 
summer  than  in  the  cold  of  winter.  In  frogs  the  motion  may  continue  four 
or  five  days  after  the  destruction  of  the  brain  ;  and  it  has  been  seen  in  the 
gullet  of  the  tortoise  fifteen  days  after  decapitation,  continuing  seven  days 
after  the  muscles  had  ceased  to  be  irritable. 

With  the  view  of  throwing  further  light  on  the  nature  of  this  remarkable 
kind  of  motion,  experiments  have  been  made  to  ascertain  the  effect  produced 
on  it  by  different  physical  chemical  and  medicinal  agents  ;  but,  so  far  as 
these  experiments  have  gone,  it  would  seem  that,  with  the  exception  of 
moderate  heat  and  cold,  alkaline  solutions,  chloroform  vapour,  and  perhaps 
some  other  narcotics,  these  agents  affect  the  action  of  the  cilia  only  in  so 
far  as  they  act  destructively  on  their  tissue. 

The  effect  of  change  of  temperature  is  different  in  warm  and  cold-blooded  animals. 
In  the  former  the  motion  is  stopped  by  a  cold  of  43°  P.,  whereas  in  the  frog  and  river 
mussel  it  goes  on  unimpaired  at  32°  F.  E.  H.  Weber  has  made  the  interesting 
observation  that  in  ciliated  epitbelium  particles  detached  from  the  human  nasal 
membrane,  the  motion  which  has  become  languid  or  quiescent  from  the  cold,  may  be 
revived  by  warmth,  such  as  that  of  the  breath,  and  this  several  times  in  succession. 
A  moderately  elevated  temperature,  say  100°  F.,  docs  not  affect  the  motion  in  cold- 
blooded animals;  but,  of  course,  a  heat  considerably  higher  than  this,  and  such  as  to 
alter  the  tissue,  would  put  an  end  to  it  in  all  cases.  Electric  shocks,  unless  they 
cause  abrasion  of  the  ciliated  surface  (which  is  sometimes  the  case),  produce  no 
visible  effect ;  and  the  same  is  true  of  galvanic  currents.  Fresh  water,  I  find, 
arrests  the  motion  in  marine  mollusca  and  in  other  salt-water  animals  in  which  I 
have  tried  its  effect ;  but  it  evidently  acts  by  destroying  both  the  form  and  sub- 
stance of  the  cilia,  which  in  these  cases  are  adapted  to  a  different  medium.  Most  of 
the  common  acid  and  saline  solutions,  when  concentrated,  arrest  the  action  of  the 
cilia  instantaneously  in  all  animals;  but  dilution  delays  this  effect,  and  when  carried 
farther,  prevents  it  altogether;  and  hence  it  is,  probably,  due  to  a  chemical  altera- 
tion of  the  tissue.  Yirchow  has  observed  that  a  solution  of  either  potash  or  soda 
will  revive  the  movement  of  cilia  after  it  has  ceased.  Narcotic  substances,  such  as 
hydrocyanic  acid,  salts  of  morphia  and  strychnia,  opium  and  belladonna,  are  said  by 
Purkinje  and  Valentin  to  have  no  effect,  though  the  first-named  agent  has  certainly 
appeared  to  me  to  arrest  the  motion  in  the  river-mussel.  In  confirmation  of  an 
observation  of  Professor  Lister,*  I  find  that  exposure  for  a  few  moments  to  the 
vapour  of  chloroform  arrests  ciliary  action,  and  that  the  motion  revives  again  if  the 
application  of  the  vapour  is  discontinued. 

Bile  stops  the  action  of  the  cilia,  while  blood  prolongs  it,  in  vertebrated  animals  ; 
but  the  blood  or  serum  of  the  vertebrata  has  quite  an  opposite  effect  on  the  cilia  of 
invertebrate  animals,  arresting  their  motion  almost  instantaneously. 

It  must  be  confessed  that  the  nature  and  source  of  the  power  by  which 
the  cilia  act  are  as  yet  unknown  ;  but  whatever  doubt  may  hang  over  this 
question,  it  is  plain  that  each  ciliated  cell  is  individually  endowed  with  the 
faculty  of  producing  motion,  and  that  it  possesses  in  itself  whatever  organic 
apparatus  and  whatever  physical  or  vital  property  may  be  necessary  for  that 
end  ;  for  single  epithelium  cells  are  seen  to  exhibit  the  phenomenon  long 
after  they  have  been  completely  insulated. 

"Without  professing  to  offer  a  satisfactory  solution  of  a  question  beset  with  so  much 
difficulty,  it  seems,  nevertheless,  not  unreasonable  to  consider  the  ciliary  motion  as 

*  Phil.  Trans.  1S58,  p.  COO,  where  will  be  found  other  valuable  observations  on  the 
effect  of  external  ngents  on  ciliary  action. 
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being  probably  a  manifestation  of  that  property  on  which  the  more  conspicuous 
motions  of  animals  are  known  to  depend,  namely,  vital  contractility ;  and  this  view 
has  at  least  the  advantage  of  referring  the  phenomenon  to  the  operation  of  a  vital 
property  already  recognised  as  a  source  of  moving  power  in  the  animal  body.  But, 
assuming  this  view  to  be  sound,  so  far  as  regards  the  nature  of  the  motile  property 
brought  into  play,  it  affords  no  explanation  of  the  cause  by  which  the  contractility 
is  excited  and  the  cilia  maintained  in  constant  action. 

It  is  true  that  nothing  resembling  a  muscular  apparatus  in  the  ordinary  sense  of 
the  term,  has  been  shown  to  be  connected  with  the  cilia,  nor  is  it  necessary  to  sup- 
pose the  existence  of  aDy  such ;  for  it  must  be  remembered  that  while  the  organic 
substance  on  which  vital  contractility  depends  is  probably  uniformly  the  same  in 
composition,  it  does  not  everywhere  assume  the  same  form  and  texture.  The 
anatomical  characters  of  human  voluntary  muscle  differ  widely  from  those  of  most 
involuntary  muscular  structures,  and  still  more  from  the  contractile  tissues  of 
some  of  the  lowest  invertebrate  animals,  although  the  movements  must  in  all  these 
cases  be  referred  to  the  same  principle.  The  heart  of  the  embryo  beats  while  yet 
but  a  mass  of  cells,  united,  to  all  appearance,  by  amorphous  matter,  in  which  no 
fibres  are  seen  ;  yet  no  one  would  doubt  that  its  motions  depend  then  on  the  same 
property  as  at  a  later  period,  when  its  structure  is  fully  developed. 

In  its  persistence  after  systemic  death  and  in  parts  separated  from  the  rest  of  the 
body,  the  ciliary  motion  agrees  with  the  motion  of  certain  muscular  organs,  as  the 
heart,  for  example  ;  and  the  agreement  extends  even  to  the  regular  or  rhythmic  cha- 
racter of  the  motion  in  these  circumstances.  It  is  true,  the  one  endures  much  longer 
than  the  other ;  but  the  difference  appears  to  be  one  only  of  degree,  for  differences 
of  the  same  kind  are  known  to  prevail  among  muscles  themselves.  No  one,  for  in- 
stance, doubts  that  the  auricle  of  the  heart  is  muscular,  because  it  beats  longer  after 
death  than  the  ventricle ;  nor,  because  a  frog's  heart  continues  to  act  a  much  longer 
time  than  a  quadruped's,  is  it  inferred  that  its  motion  depends  on  a  power  of  a  dif- 
ferent nature.  And  the  view  here  taken  of  the  nature  of  the  ciliary  motion  derives 
strength  from  the  consideration  that  the  phenomenon  lasts  longest  in  cold-blooded 
animals,  in  which  vital  contractility  also  is  of  longest  endurance.  In  the  effects  of 
heat  and  cold,  as  far  as  observed,  there  is  also  an  agreement  between  the  movement 
of  cilia  and  that  of  muscular  parts ;  while,  on  the  other  hand,  it  must  be  allowed 
that  electricity  does  not  appear  to  excite  their  activity.  The  effects  of  narcotics 
afford  little  room  for  inference,  seeing  that  our  knowledge  of  their  local  action  on 
muscular  irritability  is  by  no  means  exact;  but  in  one  instance,  at  least,  an  agent, 
chloroform  vapour,  which  stops  the  action  of  the  freshly  excised  heart  of  a  frog, 
arrests  also  the  ciliary  motion.  Something,  moreover,  may  depend  on  the  facility  or 
difficulty  with  which  the  tissues  permit  the  narcotic  fluid  to  penetrate,  which  circum- 
stance must  needs  affect  the  rapidity  and  extent  of  its  operation.  Again,  we  see 
differences  in  the  mode  in  which  the  cilia  themselves  are  affected  by  the  same  agent  ; 
thus  fresh  water  instantly  arrests  their  motion  in  certain  cases,  while  it  has  no  such' 
effect  in  others. 

The  discovery  of  vibrating  cilia  on  the  spores  and  other  parts  of  certain  crypto- 
gamic  vegetables  may  perhaps  be  deemed  a  strong  argument  on  the  opposite  side ; 
but  it  is  by  no  means  proved  that  the  sensible  motions  of  plants  (such,  at  least,  as 
are  not  purely  physical),  and  those  of  animals,  do  not  depend  on  one  common  vital 
property. 


PIGMENT. 


The  cells  of  the  cuticle,  and  of  other  textures  which  more  or  less  resemble 
it  111  structure,  sometimes  contain  a  black  or  brown  matter,  which  -uves  a 
dark  colour  to  the  parts  over  which  the  cells  are  spread.  A  weU-ma*ked 
example  of  such  pigment-cells  in  the  human  body  is  afforded  by  the  black 
coating  winch  lines  the  choroid  membrane  of  the  eye  and  covers  the  pos- 
terior surface  of  the  iris.  They  are  found  in  the  epidermis  of  the  Negro 
and  other  dark  races  of  mankind,  and  in  the  more  dusky  parts  of  the 
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Fig.  XXXII.  —  PiGMnNT-CELLS from  the 
Choroid  ;  magnified  370  diameters 
(Henle). 

A,  cells  still  cohering,  seen  on  their 
surface  ;  a,  nucleus  indistinctly  seen. 
In  the  other  cells  the  nucleus  is  con- 
cealed by  the  pigment  granules. 

B,  two  cells  seen  in  profile  ;  a,  the 
outer  or  posterior  part  containingscarcely 
any  pigment. 


cuticle  of  the  European.  In  different  forms  also  they  exist  on  certain  parts 
of  the  investing  membrane  (pia  mater)  of  the  spinal  cord,  in  the  membranous 
labyrinth  of  the  ear,  and  (with  brownish  yellow  pigment)  on  the  olfactory 
region  of  the  nose. 

The  pigment  cells  of  the  choroid  membrane  (fig.  xxxn.)  are  for  the  most 
part  polyhedral  in  figure,  most  generally  six-sided,  and  connected  together 
like  the  pieces  of  a  mosaic  pavement ;  others  are  spheroidal,  and  most  of 

those  on  the  back  of  the  iris  are  of 
that  shape.  The  cells  contain  the  pig- 
ment, strictly  so  called,  which  consists 
of  black  or  brown  granules  or  mole- 
cules of  a  round  or  oblong  shape,  and 
almost  too  small  for  exact  measure- 
ment. These  molecules  are  densely 
packed  together  in  some  cells  ;  in 
others  they  are  more  scattered,  and 
then  it  may  be  seen  that  there  is  a 
certain  amount  of  colourless  matter  in- 
cluded along  with  them.  When  they 
escape  from  the  ruptured  cells,  they 
exhibit  very  strikingly  the  molecular 
movement  ;  and  in  consequence  of  this 
movement  the  apparent  figure  of  tho 
particles  is  subject  to  change.  It  is 
worthy  of  remark,  that  when  viewed 
singly  with  a  very  high  magnifying 
power  they  look  transparent  and  almost 
colourless,  and  it  is  only  when  they  are  heaped  together  that  their  black- 
ness distinctly  appears.  The  cells  have  a  colourless  nucleus,  which  is  very 
generally  hidden  from  view  by  the  black  particles.  It  contains  a  central 
nucleolus. 

Examined  chemically,  the  black  matter  is  found  to  be  insoluble  in  cold 
and  hot  water,  alcohol,  ether,  fixed  and  volatile  oils,  acetic  and  diluted 
mineral  acids.  Its  colour  is  discharged  by  chlorine.  The  pigment  of  the 
bullock's  eye,  when  purified  by  boiling  in  alcohol  and  ether,  was  found  by 
Scherer  to  consist  of  58"  672  carbon,  5-962  hydrogen,  13-768  nitrogen,  and 
21-598  oxygen  ;  its  proportion  of  carbon  is  thus  very  large.  Preceding 
chemists  had  obtained  from  its  ashes  oxide  of  iron,  chloride  of  sodium,  lime, 
and  phosphate  of  lime. 

The  dark  colour  of  the  Negro  is  known  to  have  its  seat  in  the  cuticle,  and 
chiefly  in  the  deeper  and  softer  part  named  the  rete  mucosum.  It  is 
caused  by  cells  containing  dark-brown  colouring  matter,  either  diffused 
through  their  substance  or  in  form  of  granules— usually  more  densely 
aggregated  round  the  nucleus.  These  cells  are  found  along  with  ordinary, 
colourless  cells,  which  in  other  respects  they  entirely  resemble  :  and  the 
depth  of  tint  depends  on  the  proportion  of  each.  It  is  affirmed,  on  good 
authority,  that  the  nuclei  of  these  epidermic  pigment-cells  are  coloured,  but 
of  this  1  have  not  been  able  to  satisfy  myself  in  examinations  of  the  Negro 
skin.  The  dark  parts  of  the  European  skin  owe  their  colour  and  its  dif- 
ferent shades  to  intermixture  in  the  cuticle  of  similar  cells  in  different  pro- 
portions. Lastly,  it  cannot  be  doubted,  that  in  both  the  coloured  and  white 
races,  the  colouring  matter  of  the  skin  is  the  same  in  its  essential  nature 
as  that  of  the  choroid.    In  Albino  individuals,  both  Negro  and  European, 
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in  whom  the  black  matter  of  the  choroid  is  wanting,  the  cuticle  and  the 
hair  are  colourless  also. 

In  some  situations  the  pigment-cells  become  irregular  and  jagged  at  their 
edges,  or  even  branch  out  into  long  irregular  processes.  Such  ramified 
cells  are  very  common  in  many  animals.  In  the  human  body  pigment-cells 
of  this  description  are  found  in  the  dark  tissue 
on  the  outer  surface  of  the  choroid  coat,  lamina 
fusca  (fig.  xxx til,  a  a),  and  on  the  pia  mater 
covering  the  upper  part  of  the  spinal  cord.  The 
coudition  of  the  pigment  in  the  hairs  will  be 
afterwards  described. 

"When  the  cuticle  of  the  Negro  is  removed  by 
means  of  a  blister,  it  is  renewed  again  of  its 
original  dark  hue  ;  but  if  the  skin  be  destroyed 
to  any  considerable  depth,  as  by  a  severe  burn, 
the  resulting  scar  remains  long  white,  though  it 
at  length  acquires  a  dark  colour. 


Uses. — In  the  eye  the  black  matter  seems  obviously 
intended  to  absorb  redundant  light,  and  accordingly 
its  absence  in  Albinos  is  attended  with  a  difficulty  of 
bearing  a  light  of  considerable  brightness.  Its  uses  in 
other  situations  are  not  so  apparent.  The  pigment  of 
the  cuticle,  it  has  been  supposed,  may  screen  the  sub- 
jacent cutis  from  the  pungency  of  the  sun's  rays,  but 
in  many  animals  the  pigment  is  not  only  employed  to 
variegate  the  surface  of  the  body,  but  attaches  itself 
to  deep-seated  parts.  Thus,  in  the  frog  the  branches 
and  twigs  of  the  blood-vessels  are  speckled  over  with 
it,  and  in  many  fish  it  imparts  a  black  colour  to  the  peritoneum  and  other  internal 
membranes. 


Fig.  XXXIII.— Ramified 
Pigment  Cells,  from 
the  tissue  of  tue  cho- 
ROID Coat  of  the  Eye  ; 

MAGNIFIED  350  DIAME- 
TERS (after  Kolliker). 

a,  cells  with  pigment;  b, 
colourless  fusiform  cells. 


ADIPOSE  TISSUE. 

The  human  body  in  the  healthy  state  contains  a  considerable  amount  of 
fatty  matter  of  different  kinds.  Fat,  as  has  been  already  stated,  is  found 
in  the  blood  and  chyle,  and  in  the  lymph,  but  much  more  sparingly.  It 
exists,  too,  in  several  of  the  secretions,  in  some  constituting  the  chief  ingre- 
dient ;  and  in  one  or  other  of  its  modifications  it  enters  into  the  composition 
of  certain  solid  textures.  But  by  far  the  greater  part  of  the  fat  of  the  body 
is  inclosed  in  small  cells  or  vesicles,  which,  together  with  their  contained 
matter,  constitute  the  adipose  tissue. 

This  tissue  is  not  confined  to  any  one  region  or  organ,  but  exists  very 
generally  throughout  the  body,  accompanying  the  still  more  widely  distri- 
buted cellular  or  areolar  tissue  in  most  though  not  in  all  parts  in  which  the 
latter  is  found.  Still  its  distribution  is  not  uniform,  and  there  are  certain 
situations  in  which  it  is  collected  more  abundantly.  It  forms  a  considerable 
layer  underneath  the  skin,  and,  together  with  the  subcutaneous  areolar 
tissue  m  which  it  is  lodged,  constitutes  in  this  situation  what  has  been 
called  the  panmculus  adiposus.  It  is  collected  in  large  quantity  round 
certain  internal  parts,  especially  the  kidneys.  It  is  seen  filling  up  the 
furrows  on  the  surface  of  the  heart,  and  imbedding  the  vessels  of  that  organ 
underneath  its  serous  covering  j  and  in  various  other  situations  it  is  depo- 
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sited  beneath  the  serous  membranes,  or  is  collected  between  their  folds,  as  in 
the  mesentery  and  omentum,  at  first  generally  gathering  along  the  course  of 
the  blood-vessels,  and  at  length  accumulating  very  copiously.  Collections 
of  fat  are  also  common  round  the  joints,  lying  on  the  outer  surface  of  the 
synovial  membrane,  and  filling  up  inequalities  ;  in  many  cases,  lodged,  like 
the  fat  of  the  omentum,  in  folds  of  the  membrane,  which  project  into  the 
articular  cavity.  Lastly,  the  fat  exists  in  large  quantity  within  the  bones, 
where  it  forms  the  marrow.  On  the  other  hand  there  are  some  parts  in 
which  fat  is  never  found  in  the  healthy  condition  of  the  body.  Thus  it 
does  not  exist  in  the  subcutaneous  areolar  tissue  of  the  eyelids  and  penis, 
nor  in  the  lungs,  nor  within  the  cavity  of  the  cranium. 

When  subjected  to  the 
Fig.  XXXIV.  microscope,  the  adipose 

tissue  (fig.  "xxxiv.)  is 
seen  to  consist  of  small 
vesicles,  filled  with  an 
oily  matter,  and  for  the 
most  part  lorlged  in  the 
meshes  of  the  areolar 
tissue.  The  vesicles  are 
most  commonly  collected 
into  little  lobular  clus- 
ters, and  these  again 
into  the  little  lumps  of 
fat  which  we  see  with 
the    naked    eye,  and 

Fig.   XXXIV.-A  SMALL  CLUSTER  OF  FAT-CELLS  J    MAG-      ^Mob.  hx  SOme  Parts  ■» 

nified  150  diameters.  aggregated    into  round 

or  irregular   masses  of 

considerable  magnitude.  Sometimes  the  vesicles,  though  grouped  together, 
have  less  of  a  clustered  arrangement ;  as  when  they  collect  alongside  of  the 
minute  blood-vessels  of  thin  membranous  parts. 

In  well-nourished  bodies  the  vesicles  or  fat-cells  are  round  or  oval,  unless 
where  packed  closely  together,  in  which  case  they  acquire  an  angular  figure, 
and  bear  a  striking  resemblance  to  the  cells  of  vegetable  tissues.  The 
greater  number  of  them  are  from  -j^th  to  ^^th  of  an  inch  in  diameter, 
but  many  exceed  or  fall  short  of  this  measurement.  Each  one  consists  of  a 
very  delicate  envelope,  inclosing  the  oily  matter,  which,  completely  filling 
the  envelope,  appears  as  a  single  drop.  The  envelope  is  generally  quite 
transparent,  and  apparently  homogeneous  in  structure.  In  ill-nourished 
bodies,  and  especially  in  those  presenting  I  serous  infiltration  of  the  tissues 
(as  in  dropsy),  different  forms  of  fat- cells  are  observed.  (1.)  Granular, 
yellowish- white  vesicles,  containing  numerous  small  fat  globules.  (2.) 
Yellow,  or  yellowish-red  cells,  filled  with  serum  and  globules  of  brownish- 
yellow  fat.  The  relative  proportion  of  the  serum  and  fat  varies  ;  but  in  all 
cases  of  this  description  Kolliker  states  that  he  has  discovered  a  nucleus  and 
nucleolus.  The  nucleus  may  be  seen  without  re-agents,  but  is  rendered 
more  apparent  by  acetic  acid.  The  vesicular  envelope  is  found  in  different 
conditions.  Sometimes  it  is  normal ;  but  it  has  been  seen  finer  and  also 
thicker  than  usual.  When  thickened  it  may  present  the  appearance  of 
either  a  single  or  a  double  contour.  (3.)  Fatless  cells,  with  normal  or 
thickened  walls.  (4.)  Fat-cells  containing  crystals  (probably  of  margaric 
acid),  either  yellow  or  white  in  colour.    At  first  sight  these  cells  appear  filled 
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with  opaque  aud  granular  contents,  but  upon  minute  examination  are  seen 
to  contain  stelliform  acicular  crystals,  though  in  some  cases  their  aspect  is 
very  faintly  granular.  It  is  not  improbable  that  the  crystals  are  formed  after 
death. 

Schwann  discovered  a  nucleus  in  the  fat-cells  of  the  embryo  ;  tbe  nucleus 
contains  one  or  two  nucleoli,  and  is  attached  to  the  inside  of  the  cell-wall 
or  imbedded  in  its  substance.  Although  nuclei  have  rarely  been  seen  in 
the  cells  of  well-nourished  adipose  tissue  in  after-life,  they  are  readily 
found  when  the  fat  has  partially  disappeared,  and  hence  it  may  be  inferred 
that  they  are  always  present.  This  is  corroborated  by  an  observation  of 
Bruch,  that  the  eudosmose  of  water  always  renders  a  nucleus  apparent. 

The  common  fat  of  the  human  body  has  been  represented  as  a  mixture  of 
a  solid  fatty  substance  named  "  margarin,"  and  a  liquid  oily  substance, 
"  olein  ;"  the  suet  or  fat  of  oxen  and  sheep,  on  the  other  hand,  consisting 
chiefly  of  a  second  solid  principle,  "  stearin,"  associated  with  olein.  These 
substances,  margarin,  olein,  and  stearin,  are  neutral  bodies,  and  themselves 
compounded  of  a  base  named  "  glycerine  "  with  three  fatty  acids  respectively, 
the  margaric,  oleic,  and  stearic. 

To  the  above  reckoned  neutral  fats  of  the  animal  body  a  fourth,  namely, 
"palmitin,"  has  now  been  added  ;  and  they  are  all  considered  to  be  com- 
pounds of  three  equivalents  of  acid, — oleic,  margaric,  stearic,  or  palmitic, — 
with  one  equivalent  of  glycerine,  minus  six  equivalents  of  water.  They 
have  accordingly  been  named,  "triolein,"  "  trimargarin,"  "  tristearin,"  and 
"tripalmitin."  The  triolein,  or  liquid  fat,  holds  the  other  three  in  solu- 
tion ;  and  the  varying  consistency  of  animal  fats  depends  on  the  relative 
proportion  of  the  solid  and  liquid  ingredients. 

During  life  the  oily  matter  contained  in  the  cells  is  liquid  ;  but  the 
acicular  crystalline  spots  which  are  sometimes  seen  after  death  indicate  a 
partial  solidification  of  one  of  its  constituents.  This  has  been  supposed  to 
be  tho  margarin  ;  but  it  appears  from  its  chemical  relations  to  be  most 
probably  margaric  acid. 

The  fat  being  thus  contained  in  closed  cells,  it  will  be  readily  understood 
why,  though  liquid  or  nearly  so  in  the  living  body,  it  does  not  shift  its 
place  in  obedience  to  pressure  or  gravitation,  as  happens  with  the  water  of 
dropsy  and  other  fluids  effused  into  the  interstices  of  the  areolar  tissue  ; 
such  fluids,  being  unconfined,  of  course  readily  pass  from  one  place  to 
another  through  the  open  meshes. 

The  areolar  tissue  connects  and  surrounds  the  larger  lumps  of  fat  but 
forms  no  special  envelope  to  the  smaller  clusters  ;  and  although  fine  fasci- 
culi and  filaments  of  that  tissue  pass  irregularly  over  and  through  the 
clusters,  yet  it  is  probable  that  the  vesicles  are  held  together  in  these 
groups  mainly  by  the  fine  network  of  capillary  vessels  distributed  to  them. 
In  the  marrow  the  connective  tissue  is  very  scanty  ;  indeed  the  fat- cells  in 
some  parts  of  the  bones  are  said  to  be  altogether  unaccompanied  by  connec- 
tive filaments. 

The  adipose  tissue  is  copiously  supplied  with  blood-vessels.  The  larger 
branches  of  these  pass  into  the  fat  lumps,  where  they  run  between  the 
lobules  and  subdivide,  till  at  length  a  little  artery  and  vein  are  sent  to  each 
small  lobule  dividing  into  a  network  of  capillary  vessels,  which  not  only 
surrounds  the  cluster  externally,  but  passes  through  between  the  vesicles  in 
all  directions,  supporting  and  connecting  them.  The  lymphatics  of  the  fat, 
if  it  really  possess  any,  are  unknown.  Nor  have  nerves  been  seen  to  tarn* 
nate  m  it,  though  nerves  destined  for  other  textures  may  pass  through  it 
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Accordingly  it  has  been  observed  that,  unless  when  tuch  traversing  nervous 
twigs  happen  to  be  encountered,  a  puncturing  instrument  may  be  carried 
through  the  adipose  tissue  without  occasioning  pain. 

As  to  the  uses  of  the  fatty  tissue,  it  may  be  observed,  in  the  first  place,  that  it 
serves  the  merely  mechanical  purpose  of  a  light,  soft,  and  elastic  packing  material 
to  fill  vacuities  in  the  body.  Being  thus  deposited  between  and  around  different 
organs,  it  affords  them  support,  facilitates  motion,  and  protects  them  from  the  inju- 
rious effects  of  pressure.  In  this  way,  too,  it  gives  to  the  exterior  of  the  body  its 
smooth,  rounded  contour.  Further,  being  a  bad  conductor  of  heat,  the  subcutaneous 
fat  must  so  far  serve  as  a  means  of  retaining  the  warmth  of  the  body,  especially 
in  warm-blooded  creatures  exposed  to  great  external  cold,  as  the  whale  and  other 
cetaceous  animals,  in  which  it  forms  a  very  thick  stratum,  and  must  prove  a  much 
more  effectual  protection  than  a  covering  of  fur  in  a  watery  element. 

But  the  most  important  use  of  the  fat  is  in  the  process  of  nutrition.  Composed 
chiefly  of  carbon  and  hydrogen,  it  is  absorbed  into  the  blood  and  consumed  in  respira- 
tion, combining  with  oxygen  to  form  carbonic  acid  and  water,  and  thus  contributing 
with  other  hydrocarbonous  matters  to  maintain  the  heat  of  the  body ;  and  it  is  sup- 
posed that  when  the  digestive  process  introduces  into  the  system  more  carbon  and 
hydrogen  than  is  required  for  immediate  consumption,  the  excess  of  those  elements 
is  stored  up  in  the  form  of  fat,  to  become  available  for  use  when  the  expenditure 
exeeeds  the  immediate  supply.  According  to  this  view,  active  muscular  exercise, 
which  increases  the  respiration,  tends  to  prevent  the  accumulation  of  fat  by  increasing 
the  consumption  of  the  hydrocarbonous  matter  introduced  into  the  body.  Again, 
when  the  direct  supply  of  calorific  matter  for  respiration  is  diminished  or  cut  off  by 
withholding  food,  or  by  interruption  of  the  digestive  process,  nature  has  recourse  to 
that  which  has  been  reserved  in  the  form  of  fat;  and  in  the  wasting  of  the  body 
caused  by  starvation,  the  fat  is  the  part  first  consumed. 

The  use  of  the  fat  in  nutrition  is  well  illustrated  by  what  occurs  in  the  hedgehog 
and  some  other  hybernating  animals.  In  these  the  function  of  alimentation  is  sus- 
pended during  their  winter  sleep,  and  though  their  respiration  is  reduced  to  the 
lowest  amount  compatible  with  life,  and  their  temperature  falls,  there  is  yet  a  con- 
siderable amount  of  hydrocarbonous  material  provided  in  the  shape  of  fat  before 
their  hybernation  commences,  to  be  slowly  consumed  during  that  period,  or  per- 
haps to  afford  an  immediate  supply  on  their  respiration  becoming  again  active  in 
spring. 

It  has  been  estimated  that  the  mean  quantity  of  fat  in  the  human  subject  is 
about  one-twentieth  of  the  weight  of  the  body,  but  from  what  has  been  said,  it  is 
plain  that  the  amount  must  be  subject  to  great  fluctuation.  The  proportion  is 
usually  largest  about  the  middle  period  of  life,  and  greatly  diminishes  in  old  age. 
High  feeding,  repose  of  mind  and  body,  and  much  sleep,  favour  the  production  of 
fat.  To  these  causes  must  be  added  individual  and  perhaps  hereditary  predisposi- 
tion. There  is  a  greater  tendency  to  fatness  in  females  than  males  ;  also,  it  is  said, 
in  eunuchs.  The  effect  of  castration  in  promoting  the  fattening  of  domestic  ani- 
mals is  well  known. 

In  infancy  and  childhood  the  fat  is  confined  chiefly  to  the  subcutaneous  tissue. 
In  after-life  it  is  more  equally  distributed  through  the  body,  and  in  proportionately 
greater  quantity  about  the  viscera.  In  Hottentot  females  fat  accumulates  over  the 
gluteal  muscles,  forming  a  considerable  prominence ;  and,  in  a  less  degree,  over  the 
deltoid.  A  tendency  to  local  accumulations  of  the  subcutaneous  fat  is  known  to 
exist  also  in  particular  races  of  quadrupeds. 

Development. — According  to  Valentin,  the  fat  first  appears  in  the  human 
embryo  about  the  fourteenth  week  of  intra-uterine  life.  At  this  period  fat 
is  deposited  in  cells  already  formed  in  the  tissues.  The  cells  first  seen  are 
for  tne  most  part  insulated,  but  by  the  end  of  the  fifth  month  they  are  col- 
lected into  small  groups.  They  are  also  at  first  of  comparatively  small  size. 
As  already  stated,  the  foetal  fat-cells  contain  a  nucleus  in  their  early  con- 
dition which  is  afterwards  hidden  from  view. 
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It  has  been  a  question  whether,  when  the  fat  undergoes  absorption,  the  vesicles  are 
themselves  consumed  along  with  their  contents.  Dr.  W.  Hunter  believed  that  they 
still  remained  after  being  emptied ;  he  was  led  to  this  opinion  by  observing  the  con- 
dition of  the  areolar  tissue  in  dropsical  bodies  from  which  the  fat  had  disappeared, 
there  being  in  such  cases  a  marked  difference  in  aspect  between  the  parts  of  that 
tissue  which  had  originally  contained  fat  and  those  which  had  not,  which  difference 
he  attributed  to  the  persistence  of  the  empty  fat  vesicles.  Gurlt  states  that  the  fat- 
cells  in  emaciated  animals  are  filled  with  serum,  and  this  statement  is  fully  confirmed 
by  the  observations  of  Kolliker,  Todd  and  Bowman,  myself,  and  others. 


CONNECTIVE  TISSUE. 

This  substance  consists  of  fibres  of  two  kinds,  more  or  less  amorphous 
matter,  and  peculiar  corpuscles.  By  means  of  its  fibres  it  serves  in  the 
animal  body  as  a  bond  of  connection  of  different  parts  ;  also  as  a  covering 
or  investment  to  different  organs,  not  only  protecting  them  outwardly,  but, 
in  many  cases  entering  into  their  structure  and  connecting  and  supporting 
their  component  parts.  The  corpuscles,  on  the  other  hand,  are  destined  for 
other  than  mechanical  purposes  ;  they  appear  to  be  essentially  concerned  in 
the  nutrition  and  reparation  of  tissues. 

Three  principal  modifications  or  varieties  of  connective  tissue  have  long 
been  recognized,  consisting  of  the  same  structural  elements  but  in  widely 
different  proportions,  and  thereby  exhibiting  a  difference  in  their  grosser  or 
more  obvious  characters  and  physical  properties.  They  are  known  as  the 
areolar,  the  fibrous,  and  the  elastic  tissues,  and  will  be  now  severally  treated 
of.  Without  disregarding  the  alliance  of  cartilage  and  bone  to  the  connec- 
tive tissues,  we  shall  not,  in  imitation  of  some  respected  authorities,  include 
them  in  the  same  group  ;  but  there  remain  certain  forms  of  tissue,  occurring 
locally,  or  met  with  as  constituents  of  other  textures,  which  properly  belong 
to  this  head,  and  will  be  briefly  considered  in  a  separate  section  as  sub- 
ordinate varieties  of  connective  tissue. 


Cartilage  and  bone  are  included  in  the  group  of  connective  tissues  or  connective 
substances  by  several  eminent  German  histologists,  and  present  undoubted  points 
of  relationship  with  these  tissues,  both  in  their  nature  and  the  general  purpose 
which  they  serve  in  the  animal  frame.  Thus,  yellow  cartilage  shows  an  unmistakable 
transition  to  elastic  connective  tissue,  as  fibro- cartilage  does,  even  more  decidedly,  to 
white  fibrous  tissue.  Moreover,  the  animal  basis  of  bone  agrees  entirely  in  chemical 
composition,  and  in  many  points  of  structure,  with  the  last  named  tissue.  Still, 
when  it  is  considered  that  cartilage,  in  its  typical  form,  consists  of  a  quite  different 
chemical  substance,  chondrin,  and  that  bone  is  characterized  by  an  impregnation  of 
earthy  salts,  it  seems  more  consistent  with  the  purpose  of  histological  description  to 
recognise  cartilage  and  bone  as  independent  tissues.  As  to  their  community  of 
origin,  little  stress  need  be  laid  on  it  as  a  basis  of  classification,  seeing  that  the  origin 
of  blood-vessels,  nerves  and  muscles,  may  be  traced  up  to  protoplasm-cells,  to  all 
appearance  similar  to  those  that  give  rise  to  the  connective  tissues,  and  belonging 
to  the  same  embryonic  layer. 


THE  AREOLAR  TISSUE. 

If  we  make  a  cut  through  the  skin  and  proceed  to  raise  it  from  the  sub- 
jacent parts,  we  observe  that  it  is  loosely  connected  to  them  by  a  soft 
filamentous  substance,  of  considerable  tenacity  and  elasticity,  and  having, 
when  free  from  fat,  a  white  fleecy  aspect ;  this  is  the  substance  known  by 
the  names  of  "cellular,"  "areolar,"  "filamentous,"  "connective,"  and 
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"reticular"  tissue;  it  used  formerly  to  be  commonly  called  "cellular 
membrane."  In  like  manner  the  areolar  tissue  is  found  underneath  the 
serous  and  mucous  membranes  which  are  spread  over  various  internal  sur- 
faces, and  serves  to  attach  those  membranes  to  the  parts  which  they  line  or 
invest  ;  and  as  under  the  skin  it  is  named  "  subcutaneous,"  so  in  the  last- 
mentioned  situations  it  is  called  "  subserous  "  and  "  submucous  "  areolar 
tissue.  But  on  proceeding  further  we  find  this  substance  lying  between  the 
muscles,  the  blood-vessels,  and  other  deep-seated  parts,  occupying,  in  short, 
the  intervals  between  the  different  organs  of  the  body  where  they  are  not 
otherwise  insulated,  and  thence  named  "  intermediate  ;  "  very  generally, 
also,  it  becomes  more  consistent  and  membranous  immediately  around  these 
organs,  and,  under  the  name  of  the  "  investing  "  areolar  tissue,  affords  each 
of  them  a  special  sheath.  It  thus  forms  inclosing  sheaths  for  the  muscles, 
the  nerves,  the  blood-vessels,  and  other  parts.  Whilst  the  areolar  tissue 
might  thus  be  said  in  some  sense  both  to  connect  and  to  insulate  entire 
organs,  it  also  performs  the  same  office  in  regard  to  the  finer  parts  of  which 
these  organs  are  made  up  ;  for  this  end  it  enters  between  the  fibres  of  the 
muscles,  uniting  them  into  bundles  ;  it  connects  the  several  membranous 
layers  of  the  hollow  viscera,  and  binds  together  the  lobes  and  lobules  of 
many  compound  glands ;  it  also  accompanies  the  vessels  and  nerves  within 
these  organs,  following  their  branches  nearly  to  their  finest  divisions,  and 
affording  them  support  and  protection.  This  portion  of  the  areolar  tissue 
has  been  named  the  "  penetrating,"  "  constituent,"  or  "parenchymal." 

It  thus  appears  that  the  areolar  is  one  of  the  most  general  and  most 
extensively  distributed  of  the  tissues.  It  is,  moreover,  continuous  through- 
out the  body,  and  from  one  region  it  may  be  traced  without  interruption 
into  any  other,  however  distant  ;  a  fact  not  without  interest  in  practical 
medicine,  seeing  that  in  this  way  dropsical  waters,  air,  blood,  and  urine, 
effused  into  the  areolar  tissue,  and  even  the  matter  of  suppuration,  when  not 
confined  in  an  abscess,  may  spread  far  from  the  spot  where  they  were  first 
introduced  or  deposited. 

On  stretching  out  a  portion  of  areolar  tissue  by  drawing  gently  asunder 
the  parts  between  which  it  lies,  it  presents  an  appearance  to  the  naked  eye 
of  a  multitude  of  fine  soft  elastic  threads,  quite  transparent  and  colourless, 
like  spun  glass  ;  these  are  intermixed  with  fine  transparent  films,  or 
delicate  membranous  laminie,  and  both  threads  and  laminse  cross  one 
another  irregularly  aud  in  all  imaginable  directions,  leaving  open  interstices 
or  areolae  between  them.  These  meshes  are,  of  course,  more  apparent  when 
the  tissue  is  thus  stretched  out  ;  it  is  plain  also  that  they  are  not  closed 
cells,  as  the  term  "cellular  tissue"  might  seem  to  imply,  but  merely  inter- 
spaces which  open  freely  into  one  another' :  many  of  them  are  occupied  by 
the  fat,  which,  however,  as  already  explained,  does  not  lie  loose  in  the 
areolar  spaces,  but  is  enclosed  in  its  own  vesicles.  A  small  quautity  of 
colourless  transparent  fluid  is  also  present  in  the  areolar  tissue,  but,  in 
health,  not  more  than  is  sufficient  to  moisten  it.  This  fluid  is  generally 
said  to  be  of  the  nature  of  serum  ;  but  it  is  not  improbable  that,  unless 
when  unduly  increased  in  quantity  or  altered  in  nature  by  disease,  it  may 
resemble  more  the  liquor  sanguinis,  as  is  the  case  with  the  fluid  of  most  of 
the  serous  membranes. 

On  comparing  the  areolar  tissue  of  different  parts,  it  is  observed  in  some 
to  be  more  loose  and  open  in  texture,  in  others  more  dense  and  close, 
according  as  free  movement  or  firm  connection  between  parts  is  to  be  pro- 
vided for.    In  some  situations,  too,  the  laminaa  are  more  numerous  ;  in 
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others  the  filamentous  structure  predominates,  or  even  prevails  exclusively  ; 
but  it  does  not  seem  necessary  to  designate  these  varieties  by  particular 
names,  as  is  sometimes  doue. 

When  examined  under  the  microscope,  the  areolar  tissue  is  seen  to  be 
principally  made  up  of  exceedingly  fine,  transparent,  and  apparently  homo- 
geneous filaments,  from  about  ^Q-jjo-th  to  -oslns^  °^  an  m°k  m  thickness, 
or  even  less  (fig.  xxxv.).  These  are  seldom  single,  being  mostly  united  by 
means  of  a  small  and  usually  imperceptible  quantity  of  a  homogeneous  con- 
necting substance  into  bundles  and  filamentous  laminae  of  various  sizes,  which 
to  the  naked  eye,  appear  as  simple  threads  and  films.  Though  the  bundles 
may  intersect  in  every  direction,  the  filaments  of  the  same  bundle  run  nearly 
parallel  to  each  other,  and  no  one  filament  is  ever  seen  to  divide  into 
branches  or  to  unite  with  another.  The  associated  filaments  take  an  alter- 
nate bending  or  waving  course  as  they  proceed  along  the  bundle,  but  still 
maintain  their  general  parallelism.  This  wavy  aspect,  which  is  very  charac- 
teristic of  these  filaments,  disappears  on  stretching  the  bundle,  but  returns 
again  when  it  is  relaxed. 

The  filaments  just  described,  though  transparent  when  seen  with  trans- 
mitted light  under  the  microscope,  have  a  white  colour  when  collected  in 
considerable  quantity  and  seen  with  reflected  light  ;  and  they  not  only  occur 
in  the  areolar  tissue  strictly  so  called,  but  form  the  chief  part  of  the  tendons, 
ligaments,  and  other  white  fibrous  connective  tissues.  They  were  long  sup- 
posed to  be  the  only  fibrous  constituent  existing  in  the  areolar  tissue,  but  it 
has  been  shown  (and  chiefly  through  the  inquiries  of  Eulenberg,  Henle,  and 
Bowman)  that  fibres  of 

another  kind  are  inter-  F'S-  XXXV". 

mixed  with  them  ;  these 
agree  in  all  characters 
and  are  obviously  iden- 
tical with  the  fibres  of 
the  yellow  elastic  tis- 
sue, and  have  accord- 
ingly been  named  the 
yellow  or  elastic  fibres, 
tod  istinguish  them  from 
the  white  or  waved 
filaments  above  descri- 
bed. They  were  at 
one  time  termed  nuclear 
fibres  (Kernfasern),  on 
account  of  their  sup- 
posed origin  from  nu- 
clei ;  but  as  it  now 
appears  that  they  have 
no  connection  either 
with  nuclei  or  cells, 
the  latter  appellation 
must  be  abandoned. 
Moreover,  they  differ 
in  chemical  nature  from 
cells  and  nuclei  in  as  much  as  they  resist  the  action  of  boiling  alkaline 
solutions  of  potash  and  soda,  of  moderate  strength,  which  very  speedily 
destroy  the  cells  and  nuclei. 


Pig.  XXXV.— Filaments  op  Areolar  Tissue,  in  larger 

AND  SMALLER  BUNDLES,  AS  SEEN  UNDER  A  MAQNIPYINQ 
POWER  OF  400  DIAMETERS. 

Two  or  three  corpuscles  are  represented  among  them. 
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In  certain  portions  of  the  areolar  tissue,  as  for  instance  in  that  which  lies 
under  the  serous  and  mucous  membranes  of  particular  regions,  the  yellow  or 
elastic  fibres  are  abundant  and  large,  so  that  they  cannot  well  be  overlooked ; 
but  in  other  parts  they  are  few  in  number,  and  small,  and  are  then  in  a 

great  measure   hidden  by 
Fig.  XXXVI.  the    white    filaments  ;  in 

such  cases,  however,  they 
can  always  be  rendered  con- 
spicuous under  the  micro- 
scope by  means  of  acetic 
acid,  which  causes  the  white 
filaments  to  swell  up  and 
become  indistinct,  whilst 
the  elastic  fibres,  not  being 
affected  by  that  reagent, 
come  then  more  clearly  into 
view  (fig.  xxxvi.).  Under 
the  microscope  the  elastic 
fibres  appear  transparent  and 
colourless,  with  a  strong, 
well-defined,  dark  outline. 
Thej  are,  moreover,  remark- 
able for  their  tendency  to 
curl  up,  especially  at  their 
broken  ends,  which  gives 
them  a  very  peculiar  aspect, 
and  in  many  parts  of  the 
areolar  tissue  they  divide 
into  branches  and  join  or 
anastomose  with  one  another,  in  the  same  manner  as  in  the  pure  elastic 
tissue  (a).  They  differ  among  themselves  very  widely  in  size,  some  being 
as  fine  as  the  white  filaments,  others  many  times  larger. 

In  the  immature  areolar  tissue  of  the  foetus  there  is  a  considerable  amount 
of  soft,  jelly-like  matter,  of  muco- albuminous  nature,  in  the  interstices  of 
the  formed  elements.  This  amorphous  substance  is  for  the  most  part  incon- 
spicuous in  the  perfected  tissue,  but  exists  abundantly  in  the  umbilical  cord, 
where  it  forms  the  well-known  Whartonian  jelly  ;  it  may  also  be  seen,  at  all 
periods,  but  in  smaller  quantity,  in  the  areolar  tissue  within  the  vertebral 
canal. 

A  very  different  view  of  the  structure  of  areolar  tissue  from  that  here 
stated  was  taken  by  Reichert,  and  adopted  by  Virchow,  Donders,  and  other 
distinguished  histologists.  According  to  this  view  the  apparent  bundles 
consist  of  a  substance  in  reality  amorphous  or  homogeneous,  and  its  seeming 
fibrillation  is  partly  artificial,  the  result  of  cleavage,  and  partly  an  optical 
illusion,  arising  from  creasing  or  folding.  In  point  of  fact,  however,  the 
bundles  readily  separate  into  fibrils  after  exposure  to  dilute  solutions  of 
chromic  acid,  or  to  lime-water,  or  to  baryta-water,  by  which  the  uniting 
matter  is  dissolved  ;  so  that  there  can  be  no  doubt  of  their  truly  fibrillar 
structure.  At  the  same  time  it  is  not  denied  that  immature  fasciculi  may 
probably  occur,  in  which  the  fibrillation  is  incomplete.  Moreover,  a  homo- 
geneous substance,  not  to  be  confounded  with  the  soft,  jelly-like  matter 
previously  noticed,  but  of  firm  consistence  and  agreeing  in  chemical  nature 
with  the  fibrils,  envelopes  the  fasciculi  in  some  situations  in  form  of  a  fine 


Pig.  XXXVI. — Magnified  View  op  Areolar  Tissue 
(from  different  parts)  treated  witu  Acetic 
Acid. 

The  white  filaments  are  no  longer  seen,  and  the 
yellow  or  elastic  fibres  with  the  nuclei  come  into  view. 
At  c,  elastic  fibres  wind  round  a  bundle  of  white  fibres, 
which  by  the  effect  of  the  acid  is  swollen  out  between 
the  turns. 


AREOLAR  TISSUE. 


Ixxiii 


sheath  (Kolliker)  ;  and  it  will  be  afterwards  noticed  as  constituting  a  special 
form  or  variety  of  connective  tissue  occurring  elsewhere. 

The  elastic  fibres  lie,  for  the  most  part,  without  order,  among  the  bundles  of  white 
filaments;  but  here  and  there  we  see  an  elastic  fibre  winding  round  one  of  these 
bundles,  and  encircling  it  with  several  spiral  turns.  When  acetic  acid  is  applied,  the 
fasciculus  swells  out  between  the  constricting  turns  of  the  winding  fibre,  and  presents 
a  highly  characteristic  appearance  (c).  This  remarkable  disposition  of  the  elastic 
fibres,  which  was  pointed  out  by  Henle,  is  not  uncommon  in  certain  parts  of  the 
areolar  tissue ;  it  may  be  always  seen  in  that  which  accompanies  the  arteries  at  the 
base  of  the  brain.  It  must  be  observed,  however,  that  the  encircling  fibre  sometimes 
forms  not  a  continuous  spiral,  but  several  separate  rings ;  moreover,  the  whole 
appearance  is  explained  by  some  histologists  on  the  supposition  that  the  bundles  in 
question  are  naturally  invested  with  a  delicate  sheath,  which,  like  the  elastic  tissue, 
resists  acetic  acid,  but,  on  the  swelling  up  of  the  bundle  under  the  operation  of  that 
agent,  is  rent  into  shreds  or  segments,  mostly  annular  or  spiral,  which  cause  the  con- 
strictions. Kolliker,  who  admits  that  some  fasciculi  have  a  sheath,  yet  supposes  that 
in  these,  as  well  as  in  naked  bundles,  the  encircling  fibres  are  produced  by  prolonga- 
tions from  the  corpuscles  (to  be  immediately  noticed),  uniting  in  form  of  a  thread,  or 
of  a  network  wrapped  round  the  bundle. 

Bodies,  mostly  with  nuclei,  and  of  the  nature  of  cells,  although  not 
shown  to  possess  a  distinct  cell-wall,  are  found  in  the  areolar  tissue.  These 
are  the  connective-tissue  corpuscles.  Some  lie  in  the  meshes  of  the  tissue, 
others  are  included  within  the  fasciculi.  The  former  are  of  no  very  regular 
shape,  rounded  or  oval  (as  in  fig.  xxxiv.),  or,  as  described  in  the  frog  by 
Kuhne,  having  a  stellate  or  jagged  outline  with  processes  or  offsets  of 
unequal  size  and  length,  here  and  there  conuected  with  processes  from 
neighbouring  corpuscles  : — in  short,  misshapen  little  masses  of  protoplasm, 
but  containing  usually  a  well-formed  oval  nucleus  aud  conspicuous  nucleolus. 
Those  within  the  fasciculi  are  fusiform,  with  pointed  ends,  aud  lie  length- 
wise in  the  direction  of  the  fasciculus  (as  shown,  though  imperfectly, 
in  fig.  xxxvi.  c). 

These  bodies  were  imagined  to  be  hollow,  and  by  the  intercommunication  of  their 
supposed  tubular  offsets,  it  was  conceived  that  they  formed  a  system  of  reticulating 
canals  destined  to  distribute  nutritive  fluid  to  the  connective  tissue  and  other  parts 
into  which  that  tissue  enters.  But,  though  soft,  they  are  evidently  solid  objects,  and 
though  they  probably  effect  some  chemical  change,  or  exert  some  other  influence  on 
the  interstitial  nutritive  plasma,  or  in  some  other  way  minister  to  nutrition,  it  is 
clearly  not  as  a  system  of  channels  for  the  conveyance  of  fluid.  In  the  frog  they 
exhibit  slow  but  distinct  movements  and  changes  of  shape,  like  the  pale  blood-cor- 
.  puscles ;  and  they  may  be  regarded  as  cells  retaining  their  primitive  protoplasmic 
condition,  and  subservient  not  only  to  the  nutrition,  but  to  the  extension  and  repair 
of  tissues.  There  can  be  little  doubt,  moreover,  that  they  are  largely  concerned  in 
pathological  and  degenerative,  as  well  as  in  reparative  processes. 

The  areolar  tissuo  contains  a  considerable  quantity  of  water,  and  conse- 
quently loses  much  of  its  weight  by  drying.  It  is  almost  wholly  resolved 
into  gelatine  by  boiling  in  water.  Acetic  acid  causes  it,  that  is,  the  bundles 
of  white  fibrils,  to  swell  up  into  a  soft,  transparent,  jelly-like  mass. 
_  Numerous  blood-vessels  are  seen  in  the  areolar  tissue  after  a  minute 
injection.  These  for  the  most  part  only  pass  through  it  on  their  way  to 
other  more  vascular  textures,  but  a  few  seem  to  end  in  capillaries  destined 
tor  the  tissue  itself,  and  dense  clusters  of  vessels  are  distributed  to  the  fat 
lobules  Large  lymphatic  vessels  proceeding  to  distant  parts  also  pass  along 
this  texture,  and  abundant  lymphatic  networks  may  be  discovered  in  many 
parts  of  the  subcutaneous,  subserous,  and  submucous  areolar  tissue,  having 
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evident  relation  to  the  function  of  the  membranes  under  which  they  lie. 
Absorption  readily  takes  place  from  the  interstices  of  the  texture,  but  that 
process  may  be  efFected  through  the  agency  of  blood-vessels  as  well  as  of 
lymphatics. 

Larger  and  smaller  branches  of  nerves  also  traverse  this  tissue  on  their 
way  to  other  parts  ;  but  it  has  not  been  shown  that  any  remain  in  it,  and 
accordingly  it  may  be  cut  in  a  living  animal  apparently  without  giving  pain, 
except  when  the  instrument  meets  with  any  of  these  traversing  branches. 
It  is  not  improbable,  however,  that  nerves  end  in  those  parts  of  the  areolar 
tissue  which,  like  that  of  the  scrotum,  contain  contractile  fibres  ;  but,  if 
present  in  such  cases,  the  nerves,  like  the  vessels  of  the  fat,  are,  after  all, 
destined  not  to  the  areolar  tissue  but  to  another  mixed  with  it. 

The  physical  properties  of  this  texture  have  been  sufficiently  indicated  in 
the  foregoing  description  ;  also  its  want  of  sensibility.  The  vital  coutrac- 
tdity  ascribed  to  certain  portions  of  it  is  most  probably  due  to  the  presence 
of  muscular  tissue. 

With  the  exception  of  the  epithelium,  no  tissue  is  so  readily  regenerated 
as  the  areolar.  It  is  formed  in  the  healing  of  wounds  and  in  the  adhesion 
of  inflamed  surfaces.    It  is  produced  also  in  many  morbid  growths. 

FIBROUS  TISSUE. 

This  substance  is  one  of  those  which  are  serviceable  in  the  body  chiefly  on 
account  of  their  mechanical  properties,  being  employed  to  connect  together 
or  to  support  and  protect  other  parts.  It  is  met  with  in  the  form  of  liga- 
ments, connecting  the  bones  together  at  the  joints  ;  it  forms  the  tendons  of 
muscles,  into  which  their  fleshy  fibres  are  inserted,  and  which  serve  to  attach 
these  fibres  to  the  bones.  In  its  investing  and  protecting  character  it 
assumes  the  membranous  form,  and  constitutes  a  class  of  membranes  termed 
"fibrous."  Examples  of  these  are  seen  in  the  periosteum  and  perichon- 
drium which  cover  the  bones  and  cartilages,  in  the  dura  mater  which  lines 
the  skull  and  protects  the  brain,  and  the  fibrous  layer  which  strengthens 
the  pericardium,  also  in  the  albugineous  coat  of  the  testicle,  and  the 
sclerotic  coat  of  the  eye,  which  inclose  the  tender  internal  parts  of  these 
organs.  Fibrous  membranes,  named  "aponeuroses"  or  "  fascire,"  are  also 
employed  to  envelope  and  bind  down  the  muscles  of  different  regions,  of 
which  the  great  fascia  inclosing  the  muscles  of  the  thigh  and  leg  is  a  well- 
known  example.  The  tendons  of  muscles,  too,  may  assume  the  expanded 
form  of  aponeuroses,  as  those  of  the  broad  muscles  of  the  abdomen,  which 
form  strong  fibrous  layers  in  the  walls  of  that  cavity  and  add  to  their 
strength.  It  thus  appears  that  the  fibrous  tissue  presents  itself  under  two 
principal  forms,  the  fasicular  and  the  membraneous. 

Physical  Properties. — The  fibrous  tissue  is  white  or  yellowish  white,  with 
a  shining,  silvery,  or  nacreous  aspect.  It  is  exceedingly  strong  and  tough, 
yet  perfectly  pliant;  but  it  is  almost  devoid  of  extensibility.  By  these 
qualities  it  is  admirably  suited  to  the  purposes  to  which  it  is  applied  in  the 
animal  frame.  By  its  inextensible  character  it  maintains  in  apposition  the 
parts  which  it  connects  against  any  severing  force  short  of  that  sufficient  to 
cause  actual  rupture,  and  this  is  resisted  by  its  great  strength,  whilst  its 
flexibility  permits  of  easy  motion.  Accordingly  the  ligaments  and  tendons 
do  not  sensibly  yield  to  extension  in  the  strongest  muscular  efforts  ;  and 
thoivh  they  sometimes  snap  asunder,  it  is  well-known  that  bones  will  br<  ale 
more°readily  than  tendons  of  equal  thickness.  The  fibrous  membranes  are 
proportionally  strong  and  alike  inextensible  ;  they  will  gradually  yield,  it  is 
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true,  when  the  extending  force  acts  slowly  and  for  a  long  time,  as  when 
tumours  or  fluids  slowly  gather  beneath  them  ;  but  perhaps  this  gradual 
extension  is  accompanied  with  some  nutritive  change  affecting  the  properties 
of  the  tissue. 

Structure. — The  fibrous  tissue  is  made  up  of  fine  filaments,  agreeing  in  all 
respects  with  the  white  filaments  of  the  areolar  tissue  already  described. 
Like  these  they  are  collected  into  bundles,  in  which  they  run  parallel  and 
exhibit  the  same  wavy  character,  cohering  very  intimately.  The  bundles 
appear  to  the  naked  eye  as  fine  shining  threads  or  narrow  flattened  bands, 
for  they  vary  greatly  in  thickness.  They  either  run  all  in  one  direction  as 
in  long  tendons,  or  intersect  each  other  in  different  planes  as  in  some 
aponeuroses,  or  they  take  various  directions  and  decussate  irregularly  with 
each  other  as  in  the  dura  mater.  And  when  they  run  parallel  to  each  other, 
as  in  tendon,  they  do  not  keep  separate  throughout  their  length,  but  send 
off  slip3  to  join  neighbouring  bundles  and  receive  the  like  in  turn  ;  so  that 
successive  cross  sections  of  a  tendon  or  ligament  present  different  figures 
of  the  sectional  areas  of  the  bundles.  A  sheath  of  dense  areolar  tissue 
covers  the  tendons  and  ligaments  on  the  outside,  and  a  variable  amount  of 
the  same  tissue  lies  between  the  larger  fasciculi  ;  little  in  tendons,  more  in 
some  fibrous  membranes. 

The  filaments  swell  up  and  become  indistinct  when  acted  on  by  acetic 
acid,  like  those  of  areolar  tissue,  and  here  also  the  acid  discloses  the  exis- 
tence of  corpuscles  and  of  elastic  fibres,  intermixed  in  small  proportion  with 
the  rest  of  the  tissue.  The  elastic  fibres  are  fine  and  generally  branched 
and  connected  together.  The  corpuscles,  which  have  no  real  connection 
with  the  elastic  fibres,  are  for  the  most  part  lodged  where  the  angles  of  the 
fasciculi  (which  are  usually  prismatic  in  form)  meet.  They  are  fusiform  or 
lanceolate  in  figure,  pointed  at  the  ends,  and  lie  lengthwise  among  the 
bundles.  In  cross  sections  there  is  an  appearance  of  radiating  pointed  pro- 
cesses, diverging  from  the  spots  where  the  corpuscles  are  situated,  and  these 
have  been  taken  for  branches  or  offsets  extending  laterally  from  these  bodies ; 
but  it  seems  to  be  satisfactorily  shown  that  the  apparent  branches  are 
merely  the  crevices  between  the  fasciculi,  diverging  from  the  point  where  their 
angles  meet.  But  although  these  fissures  do  not  contain  branches  radiating 
from  the  corpuscles,  flat  membraneous  shreds  can  here  and  there  be  extracted 
from  them,  which  are  by  some  supposed  to  be  part  of  a  membrane  by  which 
each  several  bundle  is  ensheathed  and  separated  from  its  neighbours. 

The  surface  of  a  tendon  or  of  any  other  part  consisting  of  this  texture, 
appears  marked  across  the  direction  of  the  fasciculi  with  alternate  light  and 
dark  streaks,  which  give  it  a  peculiar  aspect,  not  unlike  that  of  a  watered 
ribbon.  This  appearance  is  owing  to  the  wavy  course  of  the  filaments,  for 
when  the  light  falls  on  them  their  bendings  naturally  give  rise  to  alternate 
lights  and  shadows. 

The  fibrous  and  areolar  tissues  thus  agreeing  in  their  ultimate  structure, 
it  is  not  to  be  wondered  at  that  sometimes  the  limits  between  the  two  should 
be  but  ill  defined,  and  that  the  one  should  pass  by  inconspicuous  gradations 
into  the  other.  Instances  of  such  a  transition  may  be  seen  in  many  of  the 
tascice  ;  these  at  certain  parts  consist  of  dense  areolar  tissue,  but  on  bein<r 
traced  farther  are  seen  gradually  to  take  on  the  fibrous  character  ;  and 

mother      "*  ^  ^  °f  ar6°lar  tiSSU6'  may  be  deckledly  fibrou3 

In  chemical  constitution  also  the  fibrous  tissue  is  similar  to  the  areolar. 
It  contains  about  two-thirds  of  its  weight  of  water  ;  it  becomes  transparent, 
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hard,  and  brittle,  when  dried,  but  readily  imbibes  water  again  and  regains 
its  original  properties.     It  is  resolved  into  gelatin  by  boiling. 

The  fibrous  tissue  receives  blood-vessels,  but  in  general  they  are  inconsi- 
derable both  in  number  and  size  compared  with  the  mass  of  tissue  to  which 
they  belong.  In  tendons  and  ligaments  with  longitudinal  fasciculi,  the 
chief  branches  of  the  vessels  run  parallel  with  and  between  the  larger  fasci- 
culi, and,  sending  communicating  branches  across  them,  eventually  form  a 
veiy  open  network  witb  large  oblong  meshes.  Some  fibrous  membranes,  as 
the  periosteum  and  dura  mater,  are  much  more  vascular  ;  but  the  vessels 
seen  in  these  membranes  do  not  strictly  belong  to  them,  being  destined  for 
the  bones  which  they  cover.  The  lymphatics  of  fibrous  tissue,  are  not 
sufficiently  known  to  be  spoken  of  with  certainty. 

As  to  nerves,  their  general  existence  in  this  texture  has  not  been  satis- 
factorily demonstrated  by  anatomical  investigation.  Recent  inquiries  into 
this  subject  have  shown  that  the  smaller  tendons  contain  no  nerves,  and  the 
larger  only  such  nervous  filaments  as  accompany  and  belong  to  the  vessels  ; 
and  the  same  is  true  of  the  ligaments.  The  fascise  and  the  sheaths  of  ten- 
dons are  also  destitute  of  nerves.  On  the  other  hand,  fine  nerves  have  been 
traced  in  the  interosseous  membrane  of  the  leg,  and  nervous  filaments  are 
even  abundant  in  the  periosteum,  but  the  majority  of  them  do  not  belong 
to  the  membrane  itself,  but  are  destined  for  the  subjacent  bone.  Nerves 
have  also  been  traced  in  the  dura  mater  ;  some  accompany  the  vessels, 
others  appear  destined  for  the  membrane  itself,  and  others  again  for  the 
bones. 

It  has  been  proved  by  numerous  observations  and  experiments,  that  the 
tendons,  ligaments,  and  other  structures  composed  of  fibrous  tissue,  are,  in 
the  healthy  state,  quite  insensible  j  but  then  it  is  known,  on  the  other  hand, 
that  they  occasion  severe  pain  when  iufiarned,  which  cannot  well  be 
accounted  for  on  the  supposition  that  they  are  entirely  destitute  of  nerves. 
Bichat,  while  he  admitted  their  insensibility  to  cutting,  burning,  and  most 
other  kinds  of  stimuli  which  cause  pain  in  sensible  textures,  ascribed  to 
them  a  peculiar  sensibility  to  twisting  or  to  violent  extension,  and  this 
opinion  has  been  supported  by  other  authorities  of  weight,  but  the  proofs 
of  it  are  not  clear. 

It  readily  heals  and  unites  when  divided,  as  is  seen  in  cases  of  broken 
tendo  Achillis.  Fibrous  tissue  is  very  generally  produced  as  a  uniting 
medium  of  broken  bones  when  osseous  union  fails  to  take  place  ;  it  is  com- 
mon as  a  diseased  production  in  various  kinds  of  tumours. 

YELLOW  OK  ELASTIC  TISSUE. 

Whilst  the  fibrous  tissue  is  remarkable  for  its  want  of  extensibility,  and 
owes  its  usefulness  as  a  constituent  of  the  frame  in  a  great  measure  to  that 
character,  the  substance  we  have  now  to  consider  possesses  this  property  in 
a  very  high  degree,  and  is  employed  wherever  an  extensible  and  highly 
elastic  material  is  required  in  the  animal  structure. 

Examples  of  this  texture  on  a  large  scale  are  seen  in  the  horse,  ox, 
elephant,  and  other  large  quadrupeds,  in  which  it  forms  the  great  elastic 
ligament,  called  lig amentum  nuchce,  that  extends  from  the  spines  of  the 
vertebras  to  the  occiput,  and  aids  in  sustaining  the  head  ;  in  the  same 
animals  it  also  forms  an  elastic  subcutaneous  fascia,  which  is  spread  over  the 
muscles  of  the  abdomen  and  assists  in  supporting  the  contents  of  that 
cavity.  In  the  human  body  it  is  met  with  chiefly  in  the  following  situa- 
tions, viz.  : — 
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1.  Forming  the  liyamcnta  subjlava,  which  extend  between  the  arches  of  adjacent 
vertebra; ;  these  ligaments,  while  they  permit  the  bones  to  be  drawn  apart  in  llcxion 
of  the  body,  aid  in  restoring  and  maintaining  their  habitual  approximation  in  the 
erect  posture — so  far,  therefore,  relieving  the  constant  effort  of  the  erector  muscles. 

2.  Constituting  the  chief  part  of  the  stylohyoid,  thyrohyoid,  and  cricothyroid  liga- 
ments, and  those  named  the  vocal  cords.  Also  extending,  in  form  of  longitudinal 
bands,  underneath  the  mucous  membrane  of  the  windpipe  and  its  ramifications. 

3.  Entering,  along  with  other  textures,  into  the  formation  of  the  coats  of  the  blood- 
vessels, especially  the  arteries,  and  conferring  elasticity  on  these  tubes.  4.  Beneath 
the  mucous  membrane  of  the  gullet  and  lower  part  of  the  rectum,  also  in  the  tissue 
which  surrounds  the  muscular  coat  of  the  gullet  externally.  5.  In  the  tissue  which 
lies  under  the  serous  membranes  in  certain  parts.  6.  In  many  of  the  fasciae,  where 
it  is  mixed  with  much  areolar  tissue.  7.  Largely  in  the  suspensory  ligament  and 
subcutaneous  tissue  of  the  peni3.  8.  In  considerable  quantity  in  the  tissue  of  the 
skin. 

The  elastic  tissue  in  its  purest  and  most  typical  condition,  such,  as  is  seen 
in  the  ligamentuni  nuchas  of  quadrupeds  and  the  ligarnenta  subflava  of  the 
human  spine,  has  a  yellow  colour  more  or  less  decided  ;  it  is  extensible  and 
elastic  in  the  highest  degree,  but  is  not  so  strong  as  ordinary  fibrous  liga- 
ment, and  it  breaks  across  the  direction  of  its  fibres  when  forcibly  stretched. 
Its  fibres  may  be  easily  torn  separate  in  a  longitudinal  direction  ;  they  are 
often  gathered  into  irregular  fasciculi  which  run  side  by  side  but  joiu  at 
short  distances  by  slips  with  one  another,  and  are  further  connected  by 
areolar  tissue,  which  is  always  intermixed  with  them  in  greater  or  less 
quantity.  Elastic  ligaments  are  also  covered  outwardly  with  a  sheath  of 
areolar  tissue. 

When  the  elastic  fibres  are  mixed  up  with  a  large  proportion  of  some 
other  kind  of  tissue,  their  yellow  colour  may  not  appear,  but  they  can 
always  be  recognised  by  their  microscopic 

characters.    When  viewed  under  a  tolerably  Fig.  XXXVII. 

high  magnifying  power,  they  appear  quite 
transparent,  with  a  remarkably  well- 
defined  dark  outline  (fig.  xxxvu.).  They 
run  side  by  side,  following  a  somewhat 
bending  course,  but  with  bold  and  wide 
curves,  unlike  the  undulations  of  the  white 
connective  filaments.  As  they  proceed  they 
divide  into  branches,  and  join  or  anas- 
tomose together  in  a  reticular  manner. 
Elastic  networks  may  be  composed  of  fine 
fibres  with  wide  meshes,  and  this  is  the 
character  of  all  at  first  ;  but  while  some 
continue  in  this  state,  in  others  the  elastic 
fibres  grow  larger  and  broader  and  the 
intervening  spaces  narrower,  so  that  the 
tissue  may  acquire  a  lamellar  character 
and  present  the  appearance  of  a  homo- 
geneous membrane,  which  may  be  either 
entire,  or  with  gaps  or  perforations  at  short 
intervals,  in  which  case  it  constitutes  the 
fenestrated  membrane  of  Henle,  found  in 
the  coats  of  the  blood-vessels.  A  re- 
markable character  which    elastic  fibres 
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-  exhibit  in  many 
their  singular   tendency  to  curl  up  at   their  broken   ends  :    and  these 


specimens,  is 
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ends  are  not  pointed,  but  abruptly  broken  across.  Their  size  is  very 
various  ;  the  largest  in  man  are  nearly  ToVfJtn  of  an  incl1  iu  diameter,  the 
smallest  perhaps  not  more  than  ^^^th.  In  some  varieties  of  the  tissue  the 
larger  sized  fibres  prevail  ;  this  is  the  case  with  the  ligamenta  subflava, 
where  their  general  diameter  is  about  -^i^th  of  an  inch  ;  in  other  instances, 
as  in  the  chordae  vocales,  they  are  exceedingly  fine.  In  some  animals  elastic 
fibres  are  met  with  yy^th  of  an  inch  in  thickness.  Acetic  acid  produces 
no  change  on  the  elastic  fibres,  while  it  speedily  alters  the  wavy  areolar 
fibres  that  are  usually  intermixed  with  them  in  greater  or  less  number. 
They  also  withstand  boiling  for  a  short  time  in  solutions  containing  ten  to 
fifteen  per  cent,  of  caustic  potash  or  soda,  by  which  the  white  fibres  and 
the  corpuscles  of  connective  tissue  are  speedily  destroyed. 

The  elastic  tissue,  of  course,  contains  water,  and  loses  much  of  its  weight 
by  drying  ;  but  the  proportion  is  said  not  to  be  so  great  as  in  most  other 
soft  tissues.  By  very  long  boihng  it  yields  a  substance  in  some  points 
resembling  gelatin,  while  a  portion,  equal  to  rather  more  than  the  half, 
remains  undissolved. 

The  gelatin,  no  doubt,  comes  from  the  intermixed  areolar  tissue ;  but  the  dis- 
solved matter  is  not  pure  gelatin,  for  it  is  precipitated  by  acetic  acid,  and  by  some 
other  reagents  which  do  not  disturb  a  solution  of  pure  gelatin.  The  nature  of  the 
substance  which  remains  undissolved  has  not  been  determined.  Caustic  potash  and 
soda  have  little  effect  on  elastic  tissue  in  the  cold,  and  in  weak  solutions  even  when 
hot,  unless  the  application  is  long  continued  ;  boiling  in  concentrated  solutions 
speedily  dissolves  it.  It  is  soluble  with  the  aid  of  heat  in  dilute  hydrochloric 
acid. 

Little  is  known  respecting  the  blood-vessels  and  nerves  of  this  texture. 
The  yellow  ligaments  which  contain  it  in  its  purest  form,  are  but  scantily 
supplied  with  vessels  ;  and  no  nerves  have  been  traced  into  them.  I  am 
not  aware  of  any  experiments  or  observations  as  to  their  sensibility,  but 
there  is  no  reason  for  supposing  it  to  be  greater  than  that  of  ordinary  liga- 
ments ;  nor  has  it  been  shown  that  structures  containing  this  tissue  possess 
vital  contractility,  uidess  they  also  contain  contractile  fibres  of  another 
kind. 

SPECIAL  VARIETIES  OF  CONNECTIVE  TISSUE. 

1.  Jelly-like  connective  tissue,  or  mucous  tissue.  In  the  early  embryo  the 
areolar  tissue  consists  of  a  pellucid  jelly  and  nucleated  corpuscles.  The  soft, 
watery  jelly  contains  the  chemical  principle  of  mucus,  or  mucin,  and,  in 
much  less  proportion,  albumen,  but  no  gelatin.  In  the  general  course  of 
development  of  the  tissue,  fibres,  both  white  and  elastic,  are  formed  in  the 
soft  matrix,  and  finally  this  substance  entirely  or  in  a  great  measure  dis- 
appears. But  in  certain  cases  the  course  is  different.  The  cells  may  dis- 
appear, only  the  jelly  remaining,  as  in  the  vitreous  humour  of  the  eye  ;  or 
the  corpuscles  may  branch  out  and  join  together  in  form  of  a  network  in 
the  jelly,  with  the  persisting  nuclei  at  the  spots  whence  the  threads 
diverge.  Such  a  condition  is  seen  in  the  enamel-organ  of  growing  teeth. 
The  areolar  tissue  surrounding  and  imbedding  the  vessels  in  the  umbilical 
cord  consists  of  fusiform  and  ramified  corpuscles  associated  with  white 
fibrillar  bundles  and  elastic  fibres,  along  with  much  of  the  soft  matrix, 
which  is  persistent  at  the  time  of  birth"  and  constitutes  the  jelly  of 
"NYharton. 
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2.  Eetiform  *  connective  tissue  ;  Reticular  tissue,  and  Oytogenous  tissue 
(Kolliker)  ;  Adenoid  tissue  (His).  In  this  case  the  matrix  disappears  ; 
neither  white  nor  elastic  fibres  are  developed,  but  the  ramified  corpuscles 
unite  together  into  a  reticular  or  fine  trabecular  structure  (fig.  xxxviti.)  ; 
either  retaining  their  nuclei  as  at  a,  or  losing  them  and  then  forming  a  fine 
network  of  simple  fibres  without  nuclei,  as  at  b. 

That  in  both  forms  the  tissue  is  constructed  of  ramified  corpuscles  is  shown 
by  its  withstanding  boiling  in  water,  whilst  it  readily  dissolves  iu  hot  alkaline 
solutions.  This  form  of  connective  tissue  enters  into  the  construction  of  cer- 
tain organs  and  textures,  where  it  serves  as  a  supporting  framework  to  their 
peculiar  elements  and  their  nourishing  blood-vessels,  and  thus  becomes  a 
"sustentacular"  tissue  (Stiitzgcivebe,  Germ.).  In  this  way  it  forms  a  trabecular 
network  within  the  lymphatic  glands,  containing  the  lymph  or  chyle  cor- 
puscles in  its  meshes  (as 

ate).    So  also  it  is  found  Fig.  XXXVIII. 

in  the  solitary  and  agmi- 
nated  follicular  glands 
of  the  intestine,  the 
tongue  and  tonsils  ;  in 
the  thymus  gland  ;  in 
the  pulp  and  Malpighian 
bodies  of  the  spleen,  and 
in  the  tissue  of  the  in- 
testiual  mucous  mem- 
brane at  certain  parts  ; 
in  all  which  situations 
the  meshes  contain  cor- 
puscles of  similar  exter- 
nal character  with  those 
in  the  lymphatic  glands 


Fis. 


XXXVIII. —Thin   Section  from  the  Cortical 
Part  op  a  Lymphatic  Gland,  magnified. 

A  network  of  fine  trabecular  formed  by  retiform  or 
adenoid  tissue,  from  the  mesbes  of  which  tbe  lymph-cor- 
puscles have  been  washed  out,  except  at  c,  where  tbey  are 
left  (after  His,  slightly  altered). 


But  although  thus  related 
to  glands  and  thence 
named  "adenoid "tissue, 
it  exists  also  as  a  sus- 
taining    structure  in 

the  brain  and  spinal  cord,  where,  with  finer  branches  and  closer  meshes,  it 
forms  an  extremely  delicate  framework  supporting  the  proper  nervous 
substance,  and  has  been  called  the  reticulum  (Kolliker). 

3.  Homogeneous  connective  tissue.  More  consistent  than  the  mucous  or 
jelly-like  tissue,  and  differing  also  in  chemical  nature,  inasmuch  as  it 
appears  to  be  collagenous  (i.  e.,  yielding  gelatin),  and  thus  more  nearly 
related  in  substance  to  the  white  fibrillar  tissue.  It  contains  no  fibres  or 
fibrils  and  may  be  quite  transparent  and  uniform  in  character,  or  faintly 
granular  and  striated.  For  the  most  part  this  substance  occurs  in  the  form 
ot  homogeneous  membranes;  examples  of  which  are  found  in  the  external  coat 
ot  hne  vessels,  the  hyaloid  membrane  in  the  eye,  the  capsules  of  the  Mal- 
piglnan  bodies  in  the  kidney  and  spleen,  the  capsules  of  the  solitary  and 
agminated  intestinal  glands  and  the  lingual  and  tonsillar  follicular  glands, 
1":  "  f01  lcles>  and  in  cert<™  gland-ducts.  It  must  be  noted 
53*  "J™  homo^neous  membranes,  as,  for  example,  the  posterior 
elastic  lamina  of  the  cornea,  are  of  a  different  nature. 

JbeZ^Ste'StC^j^,1'  BignifieS  <™  e  or  less  than  "reticular," 
Dut  because  the  lattei  term  ls  not  unfrequently  applied  to  areolar  tissue. 
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DEVELOPMENT  OF  CONNECTIVE  TISSUE. 

In  those  parts  of  the  embryo  where  connective  tissue  is  to  be  developed,  there  is  at 
first  a  deposit  of  nucleated  corpuscles,  having  the  characters  common  to  the  cells  of 
which  the  early  embryo-body  throughout  consists.  Between  the  cells  is  a  small 
amount  of  soft  amorphous  intercellular  substance,  which  increases  in  quantity.  This 
is  at  first  of  a  muco-albuminous  nature,  but  is  in  great  part  changed  into  a  gela- 
tinous substance,  which  assumes  a  fibrillar  character,  and  becomes  converted  into  the 
bundles  of  white  wavy  filaments  that  constitute  the  chief  part  of  the  areolar  and 
fibrous  tissues.  These  bundles,  after  their  first  appearance,  increase  in  size,  and  con- 
tinue to  grow  larger  after  birth.  Amongst  these  white  fasciculi,  elastic  fibres,  in 
varying  proportion,  appear  at  a  somewhat  later  period.  These  are  also  produced 
from  the  intercellular  substance,  which  in  this  case  undergoes  a  different  chemical 
change.  They  appear  from  the  first  in  form  of  networks  pervading  the  intercellular 
mass  throughout,  and  not  as  single  shorter  fibres  gradually  lengthening  out  and  joining 
together ;  nor  do  they  appear  to  be  formed  by  the  linear  coalescence  of  granules,  but  by 
immediate  differentiation  in  the  intercellular  substance.  The  elastic  fibres  are  at 
first  exceedingly  fine,  but  acquire  greater  thickness  as  development  advances,  and  in 
some  situations  what  was  originally  a  network  may  become  an  elastic  membrane. 
The  cells  in  part  remain  as  the  connective-tissue  corpuscles  already  described ;  irre- 
gularly ramified  in  open  areolar  tissue,  but  fusiform  within  the  bundles  and  in  the 
interstices  of  dense  fibrous  tissue ;  part  of  them  become  filled  with  fat,  and  form  the 
adipose  tissue.  The  intercellular  substance  is  usually  reduced  to  an  inconspicuous 
amount,  but  in  some  situations  remains  in  notable  quantity. 

Such  is  the  most  general  course  of  development ;  but,  as  will  be  understood  from 
what  has  preceded,  it  is  different  in  particular  cases.  Thus,  the  intercellular  sub- 
stance may  accumulate  in  large  proportion,  and  the  cells  finally  disappear,  as  in  the 
vitreous  humour;  or  the  cells  may  be  developed  into  retiform  or  cytogenous  tissue, 
without  the  formation  of  fibres,  either  white  or  elastic,  in  which  case  the  jelly-like 
substance  may  remain,  as  in  the  enamel-organ ;  or  the  reticular  interstices  may  become 
filled  with  the  elements  of  another  tissue,  as  in  the  lymphatic  glands  and  nervous 
centres.  In  the  development  of  the  pure  elastic  ligaments  the  cells  shrink  as  the 
elastic  fibres  grow  larger,  and  at  length  disappear  altogether. 

The  intercellular  substance  may  be  excreted  by  the  cells,  but  there  is  no  clear 
proof  of  this ;  it  may  be  an  independent  deposit  between  them ;  and  the  disappear- 
ance of  the  cells  from  pure  elastic  ligament  would  seem  to  show  that,  whatever  be  the 
influence  they  exert  in  the  original  formation,  they  are  not  needed  for  carrying  on 
the  nutrition,  or  even  for  the  further  growth  of  the  tissue. 

The  foregoing  account  of  the  formation  of  connective  tissue  is  derived  from  Kolli- 
ker's  latest  observations ;  *  but  Max  Schultze  considers  that  the  intercellular  sub- 
stance, or  matrix,  is  neither  excreted  by  the  cells,  nor  deposited  ab  extra,  but  is  in 
reality  formed  by  conversion  of  part  of  the  protoplasm  which  forms  the  bodies  of  the 
cells  (nucleated  protoplasm  masses) :  the  matrix  thus  increases  and  becomes  fibrillated 
at  the  expense  of  the  cells,  which,  now  reduced  to  the  nuclei  surrounded  with  a  small 
portion  of  protoplasm,  remain  as  the  connective-tissue  corpuscles. 

CARTILAGE. 

This  is  the  well-known  substance  commonly  called  "gristle."  The  follow- 
ing are  its  more  obvious  characters.  When  in  mass,  it  is  opaque  and  of  a 
pearly  or  bluish  white  colour,  in  some  varieties  yellow  ;  but  in  thin  slices  it 
is  translucent.  Although  it  can  be  easily  cut  with  a  sharp  knife,  it  is 
nevertheless  of  very  firm  consistence,  but  at  the  same  time  highly  elastic, 
so  that  it  readily  yields  to  pressure  or  torsion,  and  immediately  recovers  its 
original  shapo  when  the  constraining  force  is  withdrawn.     By  reason  of 

*  Neue  Unteisuchungcn  iibcr  die  Entwickelung  des  Bindegewebes.  Wihzb.  naturwiss. 
Zeitschr.,  vol.  ii.    Also  Haudbuch  dor  Gewebelehre,  1th  edit.  18C3. 
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these  mechanical  properties,  it  is  rather  extensively  used  in  the  construction 
of  the  body.    Its  specific  gravity  is  1*15. 

In  the  early  embryo  the  skeleton  is,  in  great  part,  cartilaginous  ;  but  the 
cartilage  forming  its  different  pieces,  which  have  the  outward  form  of  the 
future  bones,  in  due  time  undergoes  ossification  or  gives  place  to  bone,  in 
the  greater  part  of  its  extent  at  least,  and  hence  this  variety  of  cartilage  is 
named  " temporary." 

Of  the  permanent  cartilages  a  great  many  are  in  immediate  connection 
with  bone,  and  may  be  still  said  to  form  part  of  the  skeleton.  The  chief  of 
these  are  the  articular  and  the  costal  cartilages  ;  the  former  cover  the  ends 
or  surfaces  of  bones  in  the  joints,  and  afford  these  harder  parts  a  thick 
springy  coating,  which  breaks  the  force  of  concussion  and  gives  ease  to  their 
motions  ;  the  costal  or  rib-cartilages  form  a  considerable  part  of  the  solid 
framework  of  the  thorax,  and  impart  elasticity  to  its  walls.  Other  perma- 
nent cartilages  enter  into  the  formation  of  the  external  ear,  the  nose,  the 
eyelids,  the  Eustachian  tube,  the  larynx,  and  the  windpipe .  They  strengthen 
the  substance  of  these  parts  without  undue  rigidity  ;  maintaining  their 
shape,  keeping  open  the  passages  through  them  where  such  exist,  and 
giving  attachment  to  moving  muscles  and  connecting  ligaments. 

Cartilages,  except  those  of  the  joints,  are  covered  externally  with  a 
fibrous  membrane  named  the  perichondrkim. 

When  a  very  thin  slice  of  cartilage  is  examined  with  the  microscope,  it  is 
seen  to  consist  of  nucleated  cells,  also  named  cartilage  corpuscles,  dissemi- 
nated in  a  solid  mass  or  matrix.    (Figs,  xxxix.,  XL.,  and  xli. ) 

The  matrix  is  sometimes  transparent,  and  to  all  appearance  homogeneous ; 
sometimes  dim  and  very  faintly  granular,  like  ground  glass  :  both  these 
conditions  occur  in  hyaline  cartilage,  which  may  be  regarded  as  the  most 
typical  form  of  the  tissue.  Two  varieties  exist  in  which  the  matrix  is  per- 
vaded to  a  greater  or  less  extent  by  fibres.  In  the  one,  named  elastic  or 
yellow  cartilage,  the  fibres  are  similar  to  those  of  elastic  tissue  ;  in  the 
other,  named  fibre-cartilage,  they  are  of  the  white  kind  as  in  ordinary 
ligament. 


HYALINE  CARTILAGE. 

In  hyaline  cartilage  the  matrix,  as  just  stated,  is  uniform  and,  in 
the  normal  state,  free  from  fibres.  The  cells  consist  of  a  rounded,  oval,  or 
bluntly  angular  cell-body  of  translucent,  but  sometimes  finely  granular- 
looking  substance,  with  a  clear  round  nucleus  and  one  or  more  nucleoli. 
The  cell-body  lies  in  a  cavity  of  the  matrix,  which,  in  its  natural  condition, 
it  entirely  fills.  This  cavity  is  bounded  and  inclosed  by  a  transparent 
capsule,  which  is  seldom  obvious  to  the  eye,  for  it  coheres  intimately  with 
the  surrounding  matrix,  with  which  it  agrees  in  nature,  and  cannot  usually 
be  distinguished  without  the  aid  of  re-agents.  The  capsule  has  been 
regarded  as  a  secondary  cell-wall  and  compared  to  the  cellulose  wall  of 
vegetable  cells  ;  while  the  body  it  contains  is,  on  the  same  view,  considered 
to  be  homologous  with  the  primordial  utricle  and  its  contents.  But  the 
same  doubt  prevails  here  as  in  the  case  of  vegetables,  as  to  the  existence  of 
a  proper  membrane  (the  utricle)  immediately  investing  the  substance  of  the 
cell.    (See  page  xiv,  and  figures  vm.  and  ix.) 

In  thin  slices  of  young  cartilage  the  capsules  may  be  freed  from  the  matrix  by 
means  of  concentrated  mineral  acids,  and  can  then  be  shown  as  distinct  vesicles 

/ 


lxxxii 


I J  VALINE  CARTILAGE. 


having  the  cell-bodies  within.  The  effect  of  acids  is  promoted  by  previous  boiling 
ot  the  cartilage  in  water.  By  exposure  to  water  and  some  other  liquids  the  cell- 
body  shrinks  away  from  the  inside  of  the  capsule,  and  assumes  a  jagged  or  other- 
wise irregular  figure,  and  then  may  hide  the  nucleus.  It  often  contains  larger  or 
smaller  fat  globules. 

The  cells  are  rarely  dispersed  siDgly  in  the  matrix  ;  they  usually  form 
groups  of  different  shapes  and  sizes.  Towards  the  surface  of  the  cartilage 
the  groups  are  generally  flattened  conformably  with  the  surface  (fig.  xl.), 
appearing  narrow  and  almost  linear  when  seen  edgeways,  as  in  a  perpendi- 
cular section.  (Fig.  xxxrx.,  a.)  The  cells  in  a  group  have  a  straight  out- 
line where  they  adjoin  or  approach  one  another,  but  at  the  circumference  of 
the  group  their  outline  is  rounded. 

Such  is  the  structure  of  hyaline  cartilage  in  general,  but  it  is  more  or  less 
modified  in  different  situations. 


Fig.  XXXIX. 


Fig.  XL. 


Fig.  XXXIX. — Diagram  representing  a  Vertical  Section  op  Articular  Cartilage, 

SEEN  WITH  A  LOW  MAGNIFYING  POWER. 

a,  Flattened  groups  of  cells  near  the  surface  ;  b,  oblong  groups,  for  the  most  part 
directed  vertically  ;  c,  part  of  the  bone. 

Fig.  XL.— A  Thin  Later  peeled  off  from  the  Surface  of  the  Cartilage  of  the 
Head  of  the  Humerus,  showing  Flattened  Groups  of  Cells. 

The  shrunken  cell-bodies  are  distinctly  seen,  but  the  limits  of  the  capsular  cavities 
where  they  adjoin  one  another  are  but  faintly  indicated.    Magnified  400  diameters. 

In  articular  cartilage,  the  matrix  in  I  a  thin  section  appears  dim,  like 
ground  glass,  and  has  an  almost  granular  aspect.  The  cells  and  nuclei  are 
small.  The  groups  which  they  form  are  flattened  at  and  near  to  the  surface, 
and  lie  parallel  with  it  (fig.  xxxrx.,  a,  and  fig.  xl.)  ;  deeper  and  nearer 
the  bone,  on  the  other  hand,  they  are  narrow  and  oblong,  like  short  strings 
of  beads,  and  are  mostly  directed  vertically.  (Fig.  xxxix.,  6,  fig.  xl.)  It 
is  well  known  that  articular  cartilages  readily  break  in  a  direction  per- 
pendicular to  their  surface,  and  the  surface  of  the  fracture  appears  to  the 
naked  eye  to  be  striated  in  the  same  direction,  as  if  they  had  a  columnar 
structure  ;  this  has  been  ascribed  to  the  vertical  arrangement  of  the 
rows  of  cells,  or  to  a  latent  fibrous  or  columnar  disposition  of  the  sub- 
stance of  the  matrix  (Leidy).  It  was  formerly  held  that  the  free 
surface    of    articular    cartilage    is    covered    with   epithelium  continued 


Fig.  XLI.- 
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from  that  of  the  synovial  membrane,  a  thin  stratum  of  areolar  tissue 
being  interposed  ;  but  the  existence  of  such  a  covering  is  certainly  not 
general,  at  least  in  the 

adult.     It  is  easy,  no  Fig.  XLI. 

doubt,  to  peel  off  a  thin 
film  from  the  surface  of 
the  cartilage  of  the  head, 
of  the  humerus  or  femur ; 
but  this  superficial  layer 
is  really  part  of  the  car- 
tilage, and.  its  broad 
patches  of  cells  with  the 
intermediate  matrix  are 
not  to  be  mistaken.  (See 
fig.  xl.)  At  the  same 
time,  it  is  true  that  near 
the  margin  of  these  car- 
tilages a  layer  of  fine 
filamentous  tissue,  co- 
vered, with  epithelium, 
is  prolonged  a  certain 
way  over  their  surface 
from  the  synovial  mem- 
brane. The  matrix  of 
articular  cartilage  rarely, 
or  perhaps  never,  be- 
comes pervaded  by 
fibres  like  those  so  often 
seen  in  rib-cartilage, 
nor  is  it  prone  to  ossify. 

In  the  eartikujes  of  the,  ribs,  the  corpuscles  or  cells,  which  are  of  large  size, 
are  also  collected  in  groups.  Near  the  exterior  of  the  cartilage  they  are 
flattened,  and  he  parallel  with  the  surface,  forming  a  superficial  stratum 
from  jo xs  to  Tib  of  an  inch  thick.  As  to  those  situated  more  inwardly,  we 
can  sometimes  observe,  in  a  transverse  slice,  that  they  form  oblong  groups 
disposed  in  lines  radiating  to  the  circumference  ;  but  this  arrangement  is 
not  constant,  and  they  often  appear  quite  irregular.  The  cells,  with  the 
exception  of  those  lying  upon  the  surface,  commonly  contain  larger  or 
smaller  drops  of  oil  5  and  the  nucleus  being  generally  undiscoverable,  is 
concealed  by  the  fat  or  may  itself  have  undergone  a  fatty  metamorphosis, 
rne  matrix  is  tolerably  clear,  except  where  fibres  have  been  developed  in  it, 
in  which  parts  it  is  opaque  and  yellowish.  Such  fibrous  patches  are  very 
frequent  ;  the  fibres  are  fine,  straight,  and  parallel,  appearing  transparent 
when  few  together  ;  they  withstand  the  action  of  acetic  acid.  It  is  not  un- 
common to  find  the  rib  cartilages  extensively  ossified 

It  was  observed  by  Herissant  *  that  the  costal  cartilages,  after  many 
months  maceration  in  putrid  water,  would  sometimes  break  up  into  thin 
ttr'tW^ te?,aCr0SS  the  axi8  of  tbe  Milage  :  W  which  he  inferred 

but  theToiJ  :Vete  UatUniUy  mad6  "P  0f  S"ch  transverse  lamella.  : 

but  the  point  does  not  appear  to  have  been  further  investigated. 

J\\ltuC12  Tnf °f  the  microsc°Pic  characters  of  the  costal  cartilages 
Will  apply  With  little  variation  to  the  ensiform  cartilage  of  the  Se^nmTto 

*  Mem.  de  l'Aead.  des  Sc.  de  Paris,  1748. 


-Vertical  Section  of  Articular  Cartilage 
of  thk  Head  of  the  Humerus. 

A  deep  portion  near  the  bone.  Magnified  400  dia- 
meters. Each  cell-cavity  contains  a  mass  shaped  like 
itself,  the  shrunken  cell  body,  in  the  midst  of  which  a 
round  nucleus  is  probably  concealed. 
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the  cartilages  of  the  larynx  and  windpipe,  except  the  epiglottis  and  corni- 
cula  laryngis,  and  to  the  cartilages  of  the  nose.  With  the  exception  of  the 
last,  these  resemble  the  rib-cartilages  also  in  their  tendency  to  ossify. 

The  characters  of  the  temporary  cartilages,  which  are  hyaline,  will  be 
given  in  the  account  of  the  formation  of  bone. 

No  nerves  have  been  traced  into  any  of  the  cartilages,  and  they  are  known 
to  be  destitute  of  sensibility. 

In  the  healthy  state,  no  bloodvessels  penetrate  the  articular  cartilages. 
"Whatever  nutrient  fluid  they  require  seems  to  be  derived  from  the  vessels  of 
adjoining  textures,  especially  the  bone,  and  to  be  conveyed  through  the 
tissue  by  imbibition.  In  the  embryo,  a  layer  of  vessels  is  prolonged  some 
way  over  the  surface,  underneath  the  synovial  membrane  ;  but,  as  deve- 
lopment proceeds,  these  sub-synovial  vessels  retire  towards  the  circumference 
of  the  cartilage,  and  eventually  form  a  narrow  vascular  border  round  it, 
which  has  been  named  the  circulns  articuli  vasculosus. 

When  the  tissue  exists  in  thicker  masses,  as  in  the  cartilages  of  the  ribs, 
canals  are  here  and  there  excavated  in  its  substance,  along  which  vessels  are 
conducted  to  supply  nourishment  to  the  part  too  distant  to  receive  it  from 
the  vessels  of  the  perichondrium.  But  these  canals  are  few  and  wide  apart, 
and  the  vessels  do  not  pass  beyond  them  to  ramify  in  the  intermediate 
mass,  which  is  accordingly  quite  extra-vascular.  It  must  be  further 
remembered  respecting  these  vascular  canals,  that  many  of  them  lead  to 
spots  where  the  cartilage  is  undergoing  ossification,  and  convey  vessels  to 
supply  the  bony  deposits. 

Ordinary  permanent  hyaline  cartilage  contains  about  three-fifths  of  its 
weight  of  water,  and  becomes  transparent  by  drying.  By  boiling  it  in 
water  for  fifteen  or  twenty  hours  it  is  resolved  into  chondrin.  This  is  a 
substance  said  to  gelatinise  on  cooling,  although  it  may  be  doubted  whether 
the  congelation  is  not  in  reality  owing  to  an  admixture  of  gelatin  derived 
from  fibrous  tissue  not  duly  separated  from  the  cartilage.  Like  gelatine, 
chondrin  is  thrown  down  from  its  solutions  by  tannic  acid,  alcohol,  ether, 
creosote,  and  corrosive  sublimate,  and  not  by  prussiate  of  potash.  It  differs 
from  gelatin  in  being  precipitated  by  the  mineral  and  other  acids,  the 
acetic  not  excepted  ;  also  by  alum,  sulphate  of  alumina,  pemdphate  of  iron, 
and  acetate  of  lead  ;  the  precipitates  being  soluble  in  an  excess  of  the 
respective  precipitants.  The  temporary  cartilages  are  resolved  into  a  matter 
which  has  the  chemical  reactions  of  chondrin,  but  does  not  gelatinise. 
Cartilage  affords  by  incineration  a  certain  amount  of  mineral  ingredients  ; 
3  '4  per  cent,  of  ashes  were  obtained  from  costal  cartilages  by  Frommherz 
and  Gugert,  and  100  parts  of  these  ashes  were  found  to  consist  of 


Carbonate  of  soda   35-07 

Sulphate  of  soda   24 '24 

Chloride  of  sodium   8-23 

Phosphate  of  soda   0-92 

Sulphate  of  potash   1-20 

Carbonate  of  lime    .   1£'37 

Phosphate  of  lime   4  06 

Phosphate  of  magnesia   6'91 

Oxide  of  iron,  and  loss   TOO 


Von  Bibra  found  the  amount  of  carbonates  very  small,  and  that  of  the 
other  salts  very  variable.  Soda-salts  greatly  preponderate  over  those  of 
potash,  which  may  even  be  absent  altogether. 
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Development  of  hyaline  cartilage. — The  parts  of  the  embryo  which  arc  about  to 
become  cartilages  are  made  up  at  first  of  the  common  embryonic  cells  from  which  the 
tissues  generally  originate.    The  cell-contents  clear  up,  the  nucleus  becomes  more 
visible,  and  the  cells,  mostly  of  polygonal  outline,  appear  surrounded  by  clear  lines  of 
pellucid  substance,  forming  as  it  were  a  network  of  bright  meshes  inclosing  them, 
but  in  reality  consisting  of  the  cohering  capsules  of  the  contiguous  cells,  and  consti- 
tuting all  that  exists  of  the  matrix  at  this  time.    Amyloid  matter  appears  at  an 
early  period  in  the  protoplasm  of  cartilage  cells.     Rouget  found  it  in  the  sheep's 
embryo  of  two  months,  both  in  ossifying  cartilage  and  in  the  cartilages  of  the 
trachea.    The  subsequent  changes  consist  in  enlargement  and  multiplication  of  the 
cells  and  development  of  the  intermediate  matrix.    The  cells  multiply  by  division.. 
The  process   is  described  at  page  xvii,  although  all  the  successive  steps  there 
described  and  represented  in  the  figure  (xn.)  have  not  been  actually  traced.  In 
growing  cartilage  from  the  frog-larva,  Heidenhain*  observed  a  double  (i.  e.  divided) 
nucleus  in  some  cells,  and  in  certain  of  these  a  straight  linear  partition  running 
across  the  cell  between  the  two  nuclei.    This  partition  was  recognised  to  be  double, 
and  doubtless  formed  by  the  contiguous  thin  capsules  of  two  new  cells  formed  by 
division  of  the  previously  single  one.    It  is  doubtful  how  the  capsule  or  secondary 
cell-wall  is  produced ;  whether  excreted  by  the  cell  which  it  afterwards  incloses,  as 
held  by  Kolliker,  or  formed  by  conversion  of  a  superficial  layer  of  the  protoplasm  of 
the  cell-body,  as  taught  by  Max  Schultze,  or  a  primarily  independent  deposit  round 
the  cells.    However  this  may  be,  there  is  at  first  no  matrix  but  what  is  made  up  of 
the  simple  capsules.    In  further  growth  there  is  a  difference  according  as  the  cells  do 
or  do  not  undergo  frequent  division.    In  the  latter  case  a  cell  becomes  surrounded 
by  many  concentric  capsules  formed  in  succession ;  that  is,  the  first  capsule  is  ex- 
panded, and  the  others  formed  each  within  its  expmding  predecessor,  so  that  the 
cartilage  comes  to  consist  of  scattered  cells,  each  with  a  concentric  system  of  capsules, 
which  by  means  of  re-agents  may  be  rendered  visible  in  the  neighbourhood  of  the 
cells,  but  further  off  are  inseparably  blended  into  a  uniform  substance.    When,  on  the 
other  hand,  the  cells  have  a  tendency  to  frequent  subdivision,  the  new  capsules  are 
produced  by  the  new  cells,  and  are  included  in  and  finally  blend  with  those  which 
had  belonged  to  the  previous  cells,  as  shown  by  fig.  xn. 

The  matrix,  although  thus  formed  of  the  capsules,  becomes  to  all  appearance  homo- 
geneous; but  in  sections  of  cartilage  that  have  been  exposed  to  acids  and  other 
re-agents,  the  contour  lines  of  the  capsules  round  cells  and  cell-groups  may  be  more 
or  less  distinctly  brought  into  view.  ut  whilst  admitting  that  the  capsules  have  a 
share  in  the  production  of  the  matrix,  Kolliker  and  some  other  histologists  incline 
to  the  opinion  that  part  of  it  is  an  independent  deposit.  Heidenhain,  however  has 
found  that  when  thin  sections  of  cartilage  are  digested  for  twenty-four  hours  in  water 
at  from  112°  to  122°  F.,  or  in  diluted  nitric  acid  with  chlorate  of  potash  for  a  greater 
or  less  time  according  to  the  degree  of  dilution,  the  matrix  becomes  parted  or 
marked  oft  into  polygonal  areas  corresponding  to  the  larger  groups  of  cells,  and  these 
again  into  smaller  groups,  or  single  cells,  without  any  intervening  substance :  the 
whole  matrix  thus  appearing  to  be  portioned  out  into  segments,  each  appertaining  to 
a  larger  or  smaller  group  of  cells,  and  in  all  probability  representing  the  aggregated 
capsules  belonging  to  them.  6 

The  vital  changes  which  occur  in  cartilage  take  place  very  slowly.  Its  mode  of 
nutrition  has  been  already  referred  to  ;  it  is  subject  to  absorption,  and  when  a 
portion  is  absorbed  m  disease  or  removed  by  the  knife,  it  is  not  regenerated.  Also 
when  fractured,  as  sometimes  happens  with  the  rib-cartilages,  there  is  no  re-union  by" 
SunXZaT^  the,broken  8urfa«*  t-ecome  connected,  especially  at  their 
w  thsTanSh^  fibrou„01;  dense  are°^  tissue,  often  by  a  bony  clasp.    But  not 

^SSSLtLmrmallj  S  J8  n0  ■  reeenerated>  h>'alil*  cartilage  occurs  in  perfectly 
cnaractenstic  form  as  a  morbid  product  in  certain  tumours. 

ELASTIC  OR  YELLOW  CARTILAGE. 

the  Eustachian  tube,  differ  so  much  from  the  foregoing,  both  in  intimate 
*  Studien  des  Physiologischen  Instituts  zu  Breslau,  2ter  Heft,  1863. 
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structure  and  outward  characters,  tliat  they  have  been  included  in  a 
class  apart,  under  the  name  of  the  "elastic,"  "yellow,"  or  "spongy" 
cartilages.    These  are  opaque  and  somewhat  yellow,  are  more  flexible  and 

tough  than  the  ordinary  cartilages,  and 
Fig.  XLII.  h&vQ   little  tendency   to  ossify.  They 

are  made  up  of  cells  and  a  matrix,  but 
the  latter  is  everywhere  pervaded  with 
fibres  (fig.  xlii.),  except  sometimes  in  a 
little  area  or  narrow  zone  left  round  each 
of  the  cells.  These  fibres  resist  the 
action  of  acetic  acid  ;  they  are  in  most 
parts  short,  straight,  and  confusedly 
intersecting  each  other  in  all  directions, 
like  the  filaments  in  a  piece  of  felt  ;  in 
such  parts  the  matrix  has  a  rough  in- 
distinctly granular  look.  Here  and  there 
the  fibres  are  longer  and  more  fascicu- 
Pig.  XLII.— Section  op  the  Epi-  lated,  but  still  interlace  at  short  distances. 
glottis,  magnified  3S0  diameters  In  thin  sections  the  cells  readily  drop 
(Dr.  Baly).  out  from  the  matrix,  leaving  empty  the 

cavities  which  they  occupied. 

In  the  foetus  the  matrix  of  elastic  cartilage  is  at  first  homogeneous  and  hyaline, 
and  the  elastic  fibres  are  then  produced  in  it,  quite  independently  of  the  cells,  and  in 
the  same  way  as  in  the  intercellular  substance  of  growing  elastic  ligaments. 


FIBRO-CARTILAGE. 

This  is  a  substance  consisting  of  a  mixture  of  the  fibrous  and  cartilaginous 
tissues,  and  so  far  partaking  of  the  qualities  of  both.  Like  hyaline  car- 
tilage, it  possesses  firmness  and  elasticity,  but  these  properties  are  united 
with  a  much  greater  degree  of  flexibility  and  toughness.  It  presents  itself 
under  various  forms,  which  may  be  enumerated  under  the  following  beads  :— 

1.  Inter- articular  fibro-cartilages.  These  are  interposed  between  the 
moving  surfaces  of  bones,  or  rather  of  articular  cartilages,  in  several  of  the 
joints.  They  serve  to  maintain  the  apposition  of  the  opposed  surfaces  in 
their  various  motions,  to  give  ease  to  the  gliding  movement,  and  to 
moderate  the  effects  of  great  pressure.  In  the  joint  of  the  lower  jaw  and 
in  that  of  the  clavicle  they  have  the  form  of  round  or  oval  plates,  growing 
thinner  towards  their  centre  ;  in  the  knee-joint  they  are  curved  in  form  of  a 
sickle,  and  thinned  away  towards  their  concave  free  edge.  In  all  cases 
their  surfaces  are  free,  while  they  are  fixed  by  synovial  or  fibrous  membrane 
at  their  circumference  or  extremities.  The  synovial  membrane  of  the  joint, 
or  at  least  its  epithelial  coat,  is  prolonged  for  a  short  distance  upon  these 
fibro-cartilages,  from  their  attached  margin. 

2.  The  articular  cavities  of  bones  are  sometimes  deepened  and  extended 
by  means  of  a  rim  or  border  of  fibro-cartilage.  A  good  example  of  one  of 
these  circumferential  or  marginal  fibro-cartilages  is  seen  in  the  hip-joint, 
attached  round  the  lip  of  the  cotyloid  cavity. 

3.  Connecting  fibro-cartilages  are  such  as  pass  between  the  adjacent 
surfaces  of  bones  in  joints  which  do  not  admit  of  gliding  motion,  as  at  the 
symphysis  of  the  pubes  and  between  the  bodies  of  the  vertebras.  They 
have  the  general  form  of  disks,  and  are  composed  of  concentric  rings  of 
fibrous  tissue  with  cartilage  interposed  ;  the  former  predominating  at  the 
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circumference,  the  latter  increasing  towards  the  centre.  The  bony  surfaces 
between  which  they  pass  are  usually  encrusted  with  true  cartilage.  The 
modifications  which  they  present  in  particular  instances  are  described  in  the 
special  anatomy  of  the  joints. 

4.  The  bony  grooves  in  which  tendons  of  muscles  glide  are  lined  with  a 
thin  layer  of  fibro-  cartilage.  Small  nodules  of  this  tissue  (sesamoid  fibro- 
cartilages)  may  also  be  developed  in  the  substance  of  tendons,  of  which 
there  is  an  example  in  the  tendon  of  the  tibialis  posticus,  where  it  passes 
beneath  the  head  of  the  astragalus.  Lastly,  fibro-cartilage  is  sometimes 
connected  with  muscular  tissue,  and  gives  attachment  to  muscular  fibres, 
like  that  which  is  known  to  exist  at  the  orifices  of  the  heart. 

Fibro-cartilage  appears  under  the  microscope  to  be  made  up  of  bundles  of 
fibres,  like  those  of  ordinary  ligament,  with  cartilage-cells  intermixed  ;  but 
the  proportion  of  the  two  elements  differs  much  in  the  different  instances 
above  enumerated.  In  general  the  fibrous  tissue  very  greatly  predominates, 
and  in  some  cases,  as  in  the  inter- articular  laminae  of  the  knee-joint,  it 
constitutes  almost  the  entire  structure.  In  the  intervertebral  disks  the 
cartilage-corpuscles  are  abundant  towards  the  centre  of  the  mass  where  the 
cartilaginous  tissue  prevails,  and  the  substance  is  softer. 

In  chemical  composition  this  texture  agrees  most  with  ligament,  yielding 
gelatin  when  boiled. 

Its  bloodvessels  are  very  few,  and,  according  to  Mr.  Toynbee,*  are 
confined  to  the  parts  that  are  fibrous.  Its  vital  changes  are  slow  ;  it  is 
subject  to  absorption,  but  much  less  readily  so  thau  bone  ;  hence  it  is  no 
uncommon  thing  to  find  the  intervertebral  disks  entire  when  the  adjacent 
bodies  of  the  vertebrae  have  been  destroyed  by  disease.  It  has  not  much 
tendency  to  ossify. 

Little  is  known  concerning  the  mode  of  development  of  fibro-cartilage. 
Mr.  Toynbee  concludes  from  his  researches  that  the  cartilagiuous  element  is 
relatively  more  abundant  at  early  periods. 


BONE,  OR  OSSEOUS  TISSUE. 

The  bones  are  the  principal  organs  of  support,  and  the  passive  instruments 
of  locomotion.  Connected  together  in  the  skeleton,  tbey  form  a  framework 
of  hard  material,  which  affords  attachment  to  the  soft  parts,  maintains  them 
in  their  due  position,  and  shelters  such  as  are  of  delicate  structure,  giving 
stability  to  the  whole  fabric,  and  preserving  its  shape  ;  and  the  different 
pieces  of  the  skeleton,  being  jointed  moveably  together,  serve  also  as  levers 
for  executing  the  movements  of  the  body. 

While  substantially  consisting  of  hard  matter,  bones  in  the  living  body 
are  covered  with  periosteum  and  filled  with  marrow  ;  they  are  also  per- 
va  led  by  vessels  for  their  nutrition. 

External  configuration. — In  their  outward  forms  the  bones  present  much 
diversity,  but  have  been  reduced  by  anatomists  to  the  following  classes  :  — 
1.  Long  or  cylindrical,  such  as  the  chief  bones  of  the  limbs.  These  consist 
of  a  body  or  shaft,  cylindrical  or  more  frequently  angular  in  shape,  and  two 
ends  or  heads,  as  they  are  often  called,  which  are  usually  much  thicker  than 
the  shaft.  The  heads,  or  ends,  have  smooth  surfaces  for  articulation  with 
neighbouring  bones.    The  shaft  is  hollow  and  filled  with  marrow,  by  which 


*  Phil.  Trans.  1841. 
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sufficient  magnitude  and  strength  are  attained  without  undue  increase  of 
weight.  2.  Tabular  or  flat  bones,  like  the  scapula,  the  ilium,  the  ribs,  the 
lower  jaw,  and  the  bones  forming  the  roof  and  sides  of  the  skull.  Many  of 
these  contribute  to  form  the  walls  of  cavities.  3.  Short  bones,  often  also 
called  round  bones,  though  most  of  them  rather  are  angular  ;  the  wrist  and 
tarsus  afford  examples  of  these.  4.  Irregular  or  mixed  bones,  which  would, 
perhaps,  be  better  named  "  complex  : "  such  as  cannot  be  entirely  referred 
to  any  of  the  foregoing  classes.  These  are  mostly  situated  in  the  median 
plane,  and  have  a  complex  but  symmetrical  figure  ;  the  vertebrae  may  be 
taken  as  instances  of  them. 

The  surfaces  of  bones  present  various  eminences,  depressions,  and  other 
marks  ;  and,  to  designate  these  in  descriptive  osteology,  certain  general 
terms  are  employed,  of  which  the  following  are  those  most  commonly  in  use. 

1.  Eminences.  To  any  prominent  elevation  jutting  out  from  the  surface 
of  a  bone  the  term  "  process  "  or  "  apophysis  "  is  applied.  It  often  happens 
that  such  a  process  is  originally  ossified  separately  from  the  rest  of  the  bone, 
and  remains  long  unconnected  with  the  main  body  (by  osseous  union  at 
least)  ;  in  this  condition  it  is  named  an  "epiphysis."  In  many  bones, 
considerable  portions  at  the  extremities  or  most  prominent  parts  are 
originally  ossified  separately  as  epiphyses.  This  is  the  case  with  the 
ends  of  the  long  bones,  and  in  this  instance  the  shaft  is  named  the 
"  diaphysis." 

Processes  or  apophyses  are  further  designated  according  to  their  different 
forms.  A  slender,  sharp,  or  pointed  eminence  is  named  a  "spine"  or 
"  spinous  process  ; "  a  tubercle,  on  the  other  hand,  is  a  blunt  prominence  ; 
a  "tuberosity  "  (tuber)  is  broader  in  proportion  to  its  elevation,  and  has  a 
rough  uneven  surface.  The  term  "crest"  is  usually  applied  to  the 
prominent  border  of  a  bone,  or  to  an  elevation  running  some  way  along  its 
surface  ;  but  the  latter  is  more  commonly  denominated  a  "  line "  or 
"ridge."  A  "head"  (caput,  capitulum,  or  capitellum)  is  a  rounded 
process,  supported  on  a  narrower  part  named  its  neck  (cervix).  A  "con- 
dyle "  has  been  defined  to  be  an  eminence  bearing  a  flattened  articular 
surface  ;  but  this  term  has  been  very  variously  applied  by  anatomists  both 
ancient  and  modern. 

2.  Cavities  and  depressions  of  bones.  An  aperture  or  perforation  in  the 
substance  of  a  bone  is  named  a  "  foramen."  A  passage  or  perforation  often 
runs  for  some  way  in  the  bone,  and  then  it  is  termed  a  "canal"  or 
"meatus."  On  the  other  hand,  it  may  assume  the  form  of  a  "fissure," 
and  is  named  accordingly.  A  "fossa"  is  an  open  excavation  or  depression 
on  the  surface  of  a  bone,  or  of  a  part  of  the  skeleton  formed  by  several 
bones.  A  fossa  may  form  part  of  a  joint,  and  be  adapted  to  receive  the 
prominent  part  of  a  neighbouring  bone  ;  it  is  then  said  to  be  "  glenoid," 
when  shallow  ;  but  a  deep  excavation,  of  which  the  socket  for  the  head  of 
the  thigh-bone  is  an  example,  is  named  a  "cotyloid "  cavity.  The  meaning 
of  the  terms  "notch"  (incisura),  and  "groove,"  or  "  furrow "  (sulcus),  is 
sufficiently  plain.  "  Sinus  "  and  "  antrum  "  are  names  applied  to  certain 
large  cavities  situated  within  the  bones  of  the  head  and  opening  into 
the  nose. 

Physical  properties  of  bone. — Bone  has  a  white  colour,  with  a  pmk  and 
slightly  bluish  tint  in  the  living  body.  Its  hardness  is  well  known,  but  it 
also  possesses  a  certain  degree  of  toughness  and  elasticity  ;  the  last  pro- 
perty is  peculiarly  well  marked  in  the  ribs.  Its  specific  gravity  is  from  1  -81 
to  1  97. 
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Chemical  Composition. — It  consists  of  an  earthy  and  an  animal  part, 
intimately  combined  together  ;  the  former  gives  hardness  and  rigidity,  the 
latter  tenacity,  to  the  osseous  tissue. 

The  earthy  part  may  be  obtained  separate  by  calcination.  When  bones 
are  burned  in  an  open  fire,  they  first  become  quite  black,  like  a  piece  of 
burnt  wood,  from  the  charring  of  their  animal  matter  ;  but  if  the  fire  be 
continued  with  free  access  of  air,  this  matter  is  entirely  consumed,  and  they 
are  reduced  to  a  white,  brittle,  chalk-like  substance,  still  preserving  their 
original  shape,  but  with  the  loss  of  about  a  third  of  their  weight.  The 
earthy  constituent,  therefore,  amounts  to  about  two-thirds  of  the  weight  of 
the  bone.  It  consists  principally  of  phosphate  of  lime,  with  about  a  fifth 
part  of  carbonate  of  lime,  and  much  smaller  proportions  of  fluoride  of 
calcium,  chloride  of  sodium,  and  magnesian  salts. 

The  animal  constituent  may  be  freed  from  the  earth,  by  steeping  a  bone 
in  diluted  hydrochloric  acid.  By  this  process  the  salts  of  lime  are  dissolved 
out,  and  a  tough,  flexible  substance  remains,  which,  Hke  the  earthy  part, 
retains  the  perfect  figure  of  the  original  bone  in  its  minutest  details  ;  so 
that  the  two  are  evidently  combined  in  the  most  intimate  manner.  The 
animal  part  is  often  named  the  cartilage  of  bone,  but  improperly,  for  it 
differs  entirely  from  cartilage  in  structure,  as  well  as  in  physical  properties 
and  chemical  nature.  It  is  much  softer  and  much  more  flexible,  and  by 
boiling  it  is  almost  wholly  resolved  into  gelatin.  It  may  accordingly  be 
extracted  from  bones,  in  form  of  a  jelly,  by  boiling  them  for  a  considerable 
time,  especially  under  high  pressure. 


The  earthy  or  saline  matter  of  bone,  as  already  stated,  constitutes  about  two-thirds 
or  66-7  per  cent.,  and  the  animal  part  one-third,  or  333  per  cent. ;  but  from  observa- 
tions made  on  animals,  it  appears  that  the  proportion  of  the  several  constituents  may 
differ  somewhat  in  different  individuals  of  the  same  species  under  apparently  similar 
conditions.  The  proportion  of  earthy  matter  appears  to  increase  for  some  time  after 
birth,  and  is  considerably  greater  in  adults  than  in  infants  ;  but  from  the  varying 
conditions  of  individuals  as  to  health  and  nutrition  in  after  life,  there  is  as  yet  no 
thoroughly  comparable  series  of  experiments  to  determine  whether  any  constant 
difference  exists  in  old  age.  Moreover,  it  is  not  clearly  established  that  the  differ- 
ences observed  depend  on  the  composition  of  the  proper  osseous  substance ;  for  the 
larger  proportion  of  animal  matter  in  infancy  may  be  due  to  the  greater  vascularity 
of  infantile  bones  and  the  difficulty  of  thoroughly  removing  the  vessels  from  their 
pores.  The  spongy  osseous  tissue,  carefully  freed  from  fat  and  adhering  membranous 
matter,  has  been  found  to  contain  rather  less  earth  than  the  compact  substance  and 
in  accordance  with  this  result,  differences,  although  on  the  whole  insignificant  have 
been  found  in  different  bones  of  the  skeleton,  apparently  depending  on  the  relative 
amount  of  tiieir  compact  and  spongy  tissue.  (Rees,  Von  Bibra,  Alphonse  Milne- 
Kdwards.)  Here  again  it  remains  to  be  shown  that  the  result  is  not  due  to  differences 
in  the  proportion  of  minute  pores  and  lacunoe,  which  contain  soft  matter  scarcely 
separable  in  such  experiments.  owm-eyr 

Subjoined  are  the  statements  of  two  analyses.  The  one,  by  Berzelius  is  well 
known;  the  other  which  nearly  agrees  with  it,  was  performed  by  Mr.  Middl'eton  in 
the  laboratory  of  University  College.*  '  m 
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Fluoride  of  calcium  .       . 2  00  Z   1 15 

Magnesia,  wholly  or  partially  in  the  state  of  phosphate*    .'  M6  -  V67 

feoda  and  chloride  of  sodium  .       .       ...  r20  —  168 

*  Philosophical  Magazine,  vol.  xxv.  p.  18. 


xc 


BONE. 


The  phosphate  of  lime  is  peculiar,  and  passes  in  chemistry  under  the  name  of  the 
"bone-earth  phosphate."  It  is  a  tribasic  phosphate,  consisting  probably  of  8  equiva- 
lents of  lime  and  1  of  water,  with  3  eq.  of  phosphoric  acid.  Von  Bibra  and  A.  Milne 
Edwards,*  found  the  proportion  of  the  carbonate  of  lime  to  the  phosphate,  greater  in 
spongy  than  in  compact  tissue,  and  less  in  infantile  bones  generally  than  in  those  of 
adults.  M. -Edwards  considers  that  carbonate  is  formed  from  decomposition  of  the 
basic  phosphate  by  the  carbonic  acid  of  the  blood,  and  that  the  proportion  must 
necessarily  vary  with  the  state  of  nutrition ;  in  infancy  there  is  less  decomposition 
and  also  more  rapid  elimination  of  the  products  of  decomposition,  hence  proportion- 
ally less  carbonate  of  lime.  The  fluoride  of  calcium  is  found  in  larger  quantity  in 
fossil  than  in  recent  bones— indeed,  its  presence  in  the  latter  was  lately  denied 
altogether ;  but  since  then,  the  original  statements  of  Morichini  and  of  Berzelius, 
to  the  effect  that  it  exists  in  recent  as  well  as  fossil  bones,  have  been  satisfactorily 
confirmed. 

Structure. — On  sawing  up  a  bone,  it  will  be  seen  that  it  is  in  some  parts 
dense  and  close  in  texture,  appearing  like  ivory  ;  in  others  open  and 
reticular  :  and  anatomists  accordingly  distinguish  two  forms  of  osseous 
tissue,  viz.,  the  compact,  and  the  spongy  or  cancellated.  On  closer  ex- 
amination, however,  especially  with  the  aid  of  a  magnifying  glass,  it  will  be 
fouud  that  the  bony  matter  is  everywhere  porous  in  a  greater  or  less  degree, 
and  that  the  difference  between  the  two  varieties  of  tissue  depends  on  the 
different  amount  of  solid  matter  compared  with  the  size  and  number  of  the 
open  spaces  in  each  ;  the  cavities  being  very  small  in  the  compact  parts  of 
the  bone,  with  much  dense  matter  between  them  ;  whilst  in  the  cancellated 
texture  the  spaces  are  large,  and  the  intervening  bony  partitions  thin  and 
Blender.  There  is,  accordingly,  no  abrupt  limit  between  the  two, — they 
pass  into  one  another  by  degrees,  the  cavities  of  the  compact  tissue  widening 
out,  and  the  reticulations  of  the  cancellated  becoming  closer  as  they  approach 
the  parts  where  the  transition  takes  place. 

In  all  bones,  the  part  next  the  surface  consists  of  compact  substance, 
which  forms  an  outer  shell  or  crust,  whilst  the  spongy  texture  is  contained 
within.  In  a  long  bone,  the  large  round  ends  are  made  up  of  spongy  tissue, 
with  only  a  thin  coating  of  compact  substance  ;  in  the  hollow  shaft,  on  the 
other  hand,  the  spongy  texture  is  scanty,  and  the  sides  are  chiefly  formed 
of  compact  bone,  which  increases  in  thickness  from  the  extremities  towards 
the  middle,  at  which  point  the  girth  of  the  bone  is  least,  and  the  strain  on  it 
greatest.  In  tabular  bones,  such  as  those  of  the  skull,  the  compact  tissue 
forms  two  plates,  or  tables  as  they  are  called,  inclosing  between  them  the 
spongy  texture,  which  in  such  bones  is  usually  named  diploe.  The  short 
bones,  like  the  ends  of  the  long,  are  spongy  throughout,  save  at  their  sur- 
face, where  there  is  a  thin  crust  of  compact  substance.  In  the  complex  or 
mixed  boues,  the  two  substances  have  the  same  general  relation  to  each 
other  ;  but  the  relative  amount  of  each  in  different  parts,  as  well  as  their 
special  arrangement  in  particular  instances,  is  very  various. 

On  close  inspection,  the  cancellated  texture  is  seen  to  be  formed  of  slender 
bars  or  spicula  of  bone  and  thin  lamella;,  which  meet  together  and  join 
in  a  reticular  manner,  producing  an  open  structure  which  has  been  com- 
pared to  lattice- work  (cancelli),  and  hence  the  name  usually  applied  to  it. 
In  this  way  considerable  strength  is  attained  without  undue  weight,  and  it 
may  usually  be  observed  that  the  strongest  laminae  run  through  the  struc- 
ture in  those  directions  in  which  the  bone  has  naturally  to  sustain  the 
greatest  pressure.    The  open  spaces  or  areola  of  the  bouy  network  com- 

*  Ann.  des  Sc.  Nat.  4me  Se"rie,  vol.  xiii.  I860. 
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Pig.  XLIII. — A,  Transverse  Section  op  a  Bone  (ulna)  deprived  of  its  earth  by 
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The  openings  of  the  Haversian  canals  seen.  Natural  size.  A  small  portion  is  shaded 
to  indicate  the  part  magnified  in  Fig.  B. 

B,  Part  of  the  Section  A,  magnified  20  diameters. 

The  lines  indicating  the  concentric  lamellie  are  seen,  and  among  them  the  corpuscles  or 
lacunae  appear  as  little  dark  specks.  . 

The  compact  tissue  is  also  full  of  holes  ;  these,  which  are  very  small,  are 
best  seen  by  breaking  across  the  shaft  of  a  long  bone  near  its  middle  and 
examining  it  with  a  common  magnifying  glass.  Numerous  little  round 
apertures  (fig.  xliii.  a)  may  then  be  seen  on  the  broken  surface,  which  are  the 
openings  of  short  longitudinal  passages  running  in  the  compact  substance, 
and  named  the  Haversian  canals,  after  Clopcon  Havers,  an  English  physi- 
cian and  writer  of  the  seventeenth  century,  who  more  especially  called 
ZZ  Z       +  6m-    Bl00dvessel8  ™  **  the*  canals,  and Pthe  widest  of 

dSme't  r  I  W  ^  ,  ^  m  from  fM*  *•  ife*  of  an  inch  in 
diameter  .  I  have  measured  some  which  were  no  more  than  Wn^th  but 

nZ« rSSJE:  meCUr  SiZ6  18  aW  Tkth.    The  widest  those 
eZfe™^nT?i Ul,fy  CaVlty' and  theyare  ™ch  smaller  towards  the  oar- 
h&  ,b°ne-    They  are  <*uite  ^vt,  as  may  be  seen  in  a  longi- 
tudinal sectton,  and  somewhat  crooked  or  oblique  at  their  ends,  where  they 
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freely  open  into  one  another,  their  oblique  communications  connecting  them 
both  longitudinally  and  laterally.  Those  also  which  are  next  the  circum- 
ference of  the  bone,  open  by  minute  pores  on  its  external  surface,  and  the 
innermost  ones  open  widely  into  the  medullary  cavity  ;  so  that  these  short 
channels  collectively  form  a  sort  of  irregular  network  of  tubes  running 
through  the  compact  tissue,  in  which  the  vessels  of  that  tissue  are  lodged, 
and  through  the  medium  of  which  these  vessels  communicate  together,  not 
only  along  the  length  of  the  bone,  but  from  its  surface  to  the  interior, 
through  the  thickness  of  the  shaft.  The  canals  of  the  compact  tissue  in 
the  other  classes  of  bones  have  the  same  general  characters,  and  for  the 
most  part  run  parallel  to  the  surface. 

On  viewing  a  thin  transverse  section  of  a  long  bone  with  a  microscope 
of  moderate  power,  especially  after  the  earthy  part  has  been  removed  by 
acid  (fig.  xliii.  b),  the  opening  of  each  Haversian  canal  appears  to  be  sur- 
rounded by  a  series  of  concentric  rings.  This  appearance  is  occasioned  by 
the  transverse  sections  of  concentric  lamellae  which  surround  the  canals. 
The  rings  are  not  all  complete,  for  here  and  there  one  may  be  seen  ending 
between  two  others.  In  some  of  the  sets  the  rings  are  nearly  circular,  in 
others  oval, — differences  which  seem  mostly  to  depend  on  the  direction  in 
which  the  canal  happens  to  be  cut  :  the  aperture,  too,  may  be  in  the  centre, 
or  more  or  less  to  one  side,  and  in  the  latter  case  the  rings  are  usually 
narrower  and  closer  together  on  the  side  towards  which  the  aperture  deviates. 
Again,  some  of  the  apertures  are  much  lengthened  or  angular  in  shape,  and 
the  lamellae  surrounding  them  have  a  corresponding  disposition.  Besides 
the  lamellae  surrounding  the  Haversian  canals,  there  are  others  disposed 
conformably  with  the  circumference  of  the  bone  (fig.  xliii.  b,  a),  and  which 
may  therefore  be  said  to  be  concentric  with  the  medullary  canal ;  some  of 
these  are  near  the  surface  of  the  bone,  others  run  between  the  Haversian 
sets,  by  which  they  are  interrupted  in  many  places.  Lastly,  in  various 
parts  of  the  section,  lines  are  seen  which  indicate  lamellae,  differing  in 
direction  from  both  of  the  above-mentioned  orders.  As  to  the  circum- 
ferential laminae,  Messrs.  Tomes  and  De  Morgan  state  that  they  are  by  no 
means  so  common  as  is  generally  supposed  ;  further,  that  they  are  most 
conspicuous  in  bones  of  full  growth,  in  which,  consequently,  nutritive 
changes  proceed  slowly  ;  and  that  their  presence  may  be  made  the  means  of 
determining,  within  certain  limits,  the  age  at  which  a  bone  has  arrived. 
These  authors  observe,  that  in  young  and  rapidly-growing  bones  the  laminae 
are  frequently  seen  to  have  an  undulating  direction,  which  they  consider  as 
a  sign  that  the  tissue  is  undergoing  rapid  nutritive  chauges. 

The  appearance  in  a  longitudinal  section  of  the  bone  is  in  harmony  with 
the  account  above  given  :  the  sections  of  the  lamellae  are  seen  as  straight 
and  parallel  lines,  running  in  the  longitudinal  direction  of  the  bone,  except 
when  the  section  happens  to  have  passed  directly  or  slantingly  across  a 
canal  ;  for  wherever  this  occurs  there  is  seen,  as  in  a  transverse  section,  a 
series  of  rings,  generally  oval  and  much  lengthened  on  account  of  the  obli- 
quity of  the  section. 

The  cancellated  texture  has  essentially  the  same  lamellar  structure.  Tho 
slender  bony  walls  of  its  little  cavities  or  areola?  are  made  up  of  super- 
imposed lamellaa,  like  those  of  the  Haversian  canals  (fig.  xliii.  b,  b),  only 
they  have  fewer  lamellae  in  proportion  to  the  width  of  the  cavities  which 
they  surround  ;  and,  indeed,  the  relative  amount  of  solid  matter  and  open 
space  constitutes,  as  already  said,  the  only  difi'erence  between  the  two  forms 
of  bony  tissue  ;  the  intimate  structure  of  the  solid  substance  and  the 
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manner  of  its  disposition  round  the  cavities  being  essentially  the  same  in 
both. 

Besides  the  openings  of  Haversian  canals  as  above  described,  a  trans- 
verse section  of  the  compact  bone  now  and  then  presents  vacuities  or  spaces 
formed  by  absorption  of  the  tissue.    These  are  named  "Haversian  spaces" 
by  Tomes  and  De  Morgan,  who  first  showed  that  they  occur  not  only  in 
growing  bone  but  at  all  periods  of  life.     In  their  primitive  condition  these 
cavities  are  characterised  by  an  irregular  or  jagged  outline,  and  their  forma- 
tion by  absorption  is  further  indicated  by  their  encroaching  on  the  adjacent 
groups  of  concentric  lamellae,  which  have  been,  as  it  were,  eaten  away  to 
a  greater  or  less  extent  to  give  place  to  the  new  cavity.    In  another  stage 
the  spaces  in  question  are  lined  by  new  formed  lamellae,  which  may  as  yet 
be  confined  to  the  peripheral  part  of  the  vacuity,  or  may  fill  it  up  in  a 
concentric  series,  leaving  a  Haversian  aperture  in  the  middle,  and  in  fact 
constituting  a  system  of  concentric  Haversian  lamellae,  interpolated  or 
intruded  among  those  previously  existing.    The  concentric  lamellae,  which 
thus  come  to  occupy  a  greater  or  less  extent  of  the  area  of  the  cavity,  are 
of  course  bounded  exteriorly  by  segments  of  adjoining  Haversian  lamellae, 
which  have  been  more  or  less  cut  in  upon  in  the  excavation  of  the  space 
It  has  been  further  observed  by  Tomes  and  De  Morgan,  that  vacuities  may 
sometimes  be  seen  which  are  being  filled  up  at  one  part  by  the  deposition 
of  lamellae,  whilst  they  are  extending  themselves  by  absorption  at  another 
ine  Haversian  spaces  are  most  numerous  in  young  and  growing  bones  :  but 
as  already  stated,  they  occur  also  after  growth  is  completed.     Their  origin 
and  changes  will  be  better  understood  after  the  reader  has  perused  the 
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^  150  DIAMETERS. 

or  lac?™,  X^SLSlftSS  tl  flf*  C°nCentrLC  rlDgS  ;  al8°  the  muscles 
The  Haversian  apertures  had  sot  fil  Pl  ^  a?r°SS  the  direction  °f  the  lamclko. 

therefore  appear  black  in  the  fiVm- .   *  debns  In  g"nding  down  the  section,  and 

mitted  light.  ngule'  whlch  ^Presents  the  object  as  viewed  with  trans- 
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account  of  the  growth  and  development  of  bone,  to  which  head,  indeed,  the 
subject  more  properly  belongs,  although  it  has  seemed  expedient  to  intro- 
duce it  here. 

All  over  the  section  numerous  little  dark  specks  are  seen  among  the 
lamellae.  These  were  named  the  "  osseous  corpuscles  but  as  it  is  now 
known  that  they  are  in  reality  minute  cavities  existing  in  the  bony  sub- 
stance, the  name  of  "lacunas"  has  since  been  more  fittingly  applied  to 
them.  To  see  the  lacunae  properly,  however,  sections  of  unsoftened  bones 
must  be  prepared  and  ground  very  thin,  and  a  magnifying  power  of  from 
200  to  300  must  be  employed.  Such  a  section,  viewed  with  transmitted 
light,  has  the  appearance  represented  in  fig.  xliv.  The  openings  of  the 
Haversian  canals  are  seen  with  their  encircling  lamellae,  and  among  these 
the  corpuscles  or  lacunae,  which  are  mostly  ranged  in  a  corresponding 
order,  appear  as  black  or  dark  brown  and  nearly  opaque,  oblong  spots,  with 
fine  dark  lines  extending  from  them  and  causing  them  to  look  not  unlike 
little  black  insects  ;  but  when  the  same  section  is  seen  against  a  dark 
ground,  with  the  light  falling  on  it  (as  we  usually  view  an  opaque  object), 
the  little  bodies  and  lines  appear  quite  white,  like  figures  drawn  with 
chalk  on  a  slate,  and  the  intermediate  substance,  being  transparent,  now 
appears  dark. 

The  lacunfe,  as  already  stated,  are  minute  recesses  in  the  bone,  and  the 
lines  extending  from  them  are  fine  pores  or  tubes  named  "  canaliculi," 
which  issue  from  their  cavity.     They  present  some  variety  of  figure,  but  in 
such  a  section  as  that  represented  for  the  most  part  appear  irregularly 
fusiform,  and  lie  nearly  in  the  same  direction  as  the  lamellae  between 
which  they  are  situated  ;  or,  to  speak  more  correctly,  the  little  cavities 
are  flattened  and  extended  conformably  with  the  lamellae  ;  for  when  the 
bone  is  cut  longitudinally,  their  sections  still  appear  fusiform  and  length- 
ened out  in  the  direction  of  the  lamellae.     The  canaliculi,  on  the  other 
hand,  pass  across  the  lamellae,  and  they  communicate  with  those  proceeding 
from  the  next  range  of  lacunae,  so  as  to  connect  the  little  cavities  with 
each  other  ;  and  thus,  since  the  canaliculi  of  the  most  central  range  open 
into  the  Haversian  canal,  a  system  of  continuous  passages  is  established  by 
these  minute  tubes  and  their  lacunae,  along  which  fluids  may  be  conducted 
from  the  Haversian  canal  through  its  series  of  surrounding  lamellae  ;  in- 
deed it  seems  probable  that  the  chief  purpose  of  these  minute  passages  is 
to  convey  nutrient  fluid  from  the  vascular  Haversian  canals  through  the 
mass  of  hard  bone  which  lies  around  and  between  them.    In  like  manner 
the  canaliculi  open  into  the  great  medullary  canal,  and  into  the  cavities 
of  the  cancellated  texture  ;  for  in  the  thin  bony  parietes  of  these  cavities 
lacuna  are  contained  ;  they  exist,  indeed,  in  all  parts  of  the  bony  tissue. 
As  first  shown  by  Virchow,  each  lacuna  is  occupied  by  a  nucleated  cell,  or 
soft  corpuscle,  which  may  be  separated  from  the  surrounding  substance  by 
prolonged  maceration  of  decalcified  bone  in  hydrochloric  acid  or  m  solu- 
tion of  potash  or  soda  ;  and  later  observers  (Rouget,  Neumann,)  state  that 
they  are  able  to  detach  also  the  proper  osseous  wall  of  the  lacuna  and  its 
appertaining  canaliculi  after  decalcification,  and  to  obtain  it  separate  with 
its  included  corpuscle.    The  soft  corpuscle  or  cell  has  an  angular  outline 
corresponding  to  the  shape  of  the  lacuna,  but  it  is  not  proved  that  it  sends 
brauches  along  the  caualiculi,  as  Virchow  supposed,  or  that  it  has  a  mem- 
branous envelope.     Nevertheless  it  can  scarcely  be  doubted  that  the  proto- 
plasm of  the  nucleated  corpuscle  takes  an  important  share  in  the  nutritive 
process  in  bone,  and  very  probably  serves  both  to  modify  the  nutritive 
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fluid  supplied  from  the  blood  and  to  further  its  distribution  through  the 
lacunar  and  canalicular  system  of  the  bony  tissue.  Virchow  considers  that 
the  corpuscles  of  bone  are  homologous  with  those  of  connective  tissue. 

To  return  to  the  lamellce.    With  a  little  pains  thin  films  may  be  peeled 
off  in  a  longitudinal  direction  from  a  piece  of  bone  that  has  been  softened 
in  acid.    These  for  the  most  part  consist  of  several  laminas,  as  may  be 
seen  at  the  edge,  where  the  different  layers  are  usually  torn  unequally,  and 
some  extend  farther  than  others.    Examined  in  this  way,  under  the  micro- 
scope, the  lamella?  are  seen  to  be  perforated  with  fine  apertures  placed  at 
very  short  distances  apart.    These  apertures  were  described  by  Deutsch,* 
but  they  have  not  much  attracted  the  notice  of  succeeding  observers  ;  they 
appear  to  me  to  be  the  transverse  sections  of  the  canaliculi  already  de- 
scribed, and  their  relative  distance  and  position  accord  sufficiently  with 
this  explanation.    According  to  this  view,  therefore,  the  canaliculi  might 
(in  a  certain  sense)  be  conceived  to  result  from  the  apposition  of  a  series 
of  perforated  plates,  the  apertures  of  each  plate  corresponding  to  those  of 
the  plates  contiguous  with  it ;  in  short,  they  might  be  compared  to  holes 
bored  to  some  depth  in  a  straight  or  crooked  direction  through  the  leaves 
of  a  book,  m  which  case  it  is  plain  that  the  perforations  of  the  adjoining 
leaves  would  correspond  ;  it  being  always  understood,  however,  that  the 
passages  thus  formed  are  bounded  by  proper  parietes.    The  apertures  now 
referred  to  must  be  distinguished  from  larger  holes  seen  in  some  lamella 
which  give  passage  to  the  perforating  fibres  to  be  mentioned  further  on 

But  the  lamella?  have  a  further  structure. 
To  see  this  the  thinnest  part  of  a  detached  shred 
or  film  must  be  examined,  as  shown  in  figs.  xlv. 
and  xlvii.  ;  it  will  then  appear  plainly  that  they 

are  made  up  of  transparent  fibres,  decussating 

each  other  in  form  of  an  exceedingly  fine  network? 

The  fibres  intersect  obliquely,  and  they  seem  to 

coalesce  at  the  points  of  intersection,  for  they 

cannot  be  teased  out  from  one  another  ;  but  at 

the  torn  edge  of  the  lamella  they  may  often  be 

seen  separate  for  a  Httle  way,  standing  out  like 

the  threads  of  a  fringe.     Most  generally  they 

are  straight,  as  represented  in  the  figure  •  but 

they  are  not  always  so,  for  in  some  parts  'they 

assume  a  curvilinear  direction.  Acetic  or  hydro- 
chloric acid  causes  these  fibres  to  swell  up  and 

become  indistinct,  like  the  white  fibres  of  con- 
nective tissue  ;  care  must  therefore  be  taken 

m  their  examination  that  the  remains  of  the 

decalcifying  acid  be  removed  from  the  tissue  by 

maceration  in  water  or  in  solution  of  an  alkaline 

carbonate     Moreover,  the  fibro-reticular  struc- 

STtJL    equally  (Ustiucfc  in  a11  Parts 

i  s  piesence  is  recognisable;   for  in  some  places 
it  is  less  decidedly  marked,  as  if  the  fibril^ 
were  incompletely  developed-resemblin/ in  th 
respect  the  areolar  and  fibrous  tissues 

In  many  instances  the  lamella,  are  perforated  by  fibres,  or  rather  bundles 


Fig.  XLV. 


Fig.  XLV.— Thin  Layer 
peeled  off  from  a  sokt- 
ened  Bone,  as  it  appeahs 
undkr    a  magnifying 

POWER  OF  400. 

This  figure,  which  is  in- 
tended to  represent  the  reti- 
cular structure  of  a  lamella, 
gives  a  better  idea  of  the 
object  when  held  rather 
farther  off  than  usual  from 
the  eye. 


Be  Tenitiori  Ossium  Structura.    Wratisl.  1834 


p.  17,  Fig.  0. 
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of  fibres,  which  pass  through,  them  in  a  perpendicular,  or  more  or  less 
oblique  direction,  and,  as  it  were,  bolt  them  together.  These  perforating 
fibres  may  be  seen,  with  the  aid  of  the  microscope,  in  a  thin  transverse  slice 
of  a  decalcified  cylindrical  or  cranial  bone,  on  pulling  asunder  the  sections 
of  the  lamellse  (as  in  fig.  xlvi.).  In  this  way  some  lamellae  will  generally 
be  observed  with  fibrous  processes  attached  to  them  (fig.  xlvt.  b)  of  various 
lengths,  and  usually  tapering  and  pointed  at  their  free  extremities,  but 
sometimes  truncated — probably  from  having  come  in  the  way  of  the  knife. 
These  fibres  have  obviously  been  drawn  out  from  the  adjacent  lamella?, 
through  several  of  which  they  must  have  penetrated.  Sometimes,  indeed, 
indications  of  perforations  may  be  recognised  in  the  part  of  the  section  of 
bone  from  which  the  fibres  have  been  pulled  out  (fig.  xlvl  c).  The  pro- 
cesses in  question  are  thus,  so  to  speak,  viewed  in  profile  ;  but  they  may 
frequently  also  be  seen  on  the  flat  surface  of  detached  lamellse,  projecting 
like  nails  driven  perpendicularly  or  slantingly  through  a  board  (fig.  xlvii.  a); 
whilst  the  lamellse  at  other  parts  present  obvious  apertures  of  considerable 
size,  through  which  the  perforating  fibres  had  passed  (fig.  xlvii.  b,  b). 

Vis.  XLVI. 


Miiller). 


~    .  n„nA  Tv.r  mp  have  been  shown  by  Kolliker  to 

These  perforating  ^.^^J^^^  »  certain  extent  in  those  of 
exist  very  generally  in  the  bones  of  fashes   ana  rf  ^ 

amphibia.  *    I  had  myself Tound  them  bundan in  tk^ur  ^  ^ 

general  existence  ^ertebrata  lhe fc  fa  man'and  mamraalia.t  Kolliker 
supplied  many  details  respecting  then  f"alj£  and  tM    n0  doubt)  is  the  case 

considers  them  to  be  connected  with .the ^Bte  ^  ^  ^  of 

with  some  of  them-some  of  ^  e»jXdriil  boSe.  they  often  appear  to  spring, 
the  cranial  bones  ;  but  ™^.^™™Stet  and  taper  outwards  into  fine  points, 
With  their  broad  ends,  ^mt^^™*™^  dJubt  they  must,  like  the  bony 
tt£3^ZS&Xd££&  by  subperiosteal  ossification.  They  are 
.  Wiirzburger  Naturw.  Zeitaohr.  vol.  i.  p.  30G.  1  Ibid.,  vol.  i.  p.  296. 
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rarely  found,  and  when  present  are  smaller,  in  the  concentric  systems  of  Haversian 
lamellae ;  in  this  case  they  must  of  course  have  been  formed  from  the  vascular  tissue 
(similar  in  nature  to  that  under  the  periosteum)  which  occupied  the  Haversian 
6paces  and  produced  the  concentric  lamime.  Perforating  fibres  exist  abundantly  in 
the  cinusta  petrosi  of  the  teeth. 

Fig.  XLVII. 


Fig.  XLVII.  — Lamellje  torn  off  from  a  Decalcified  Hcjman  Parietal  Bone  at 

SOME  DEPTH  FROM  THE  SORFAOE. 

a,  a  lamella,  showing  reticular  fibres  ;  b,  6,  darker  part,  where  several  lamelhe  are  super- 
posed ;  c,  c,  perforating  fibres.  Apertures  through  which  perforating  fibres  had  passed, 
are  seen  especially  in  the  lower  part,  a,  a,  of  the  figure.  Magnitude  as  seen  under  a 
power  of  200,  but  not  drawn  to  a  scale  (from  a  drawing  by  Dr.  Allen  Thomson). 

The  perforating  fibres,  or  rather  bundles  of  fibres,  for  the  most  part  a^ree  in 
character  with  the  white  fibrous  tissue,  but  some,  according  to  H.  Miiller,  are  of 
the  nature  of  elastic  tissue.  H.  Miiller  has  shown  that  in  some  parts  the  fibres 
escape  calcification,  and  thus,  as  they  shrink  in  drying,  leave  tubes  or  channels 
in  the  dry  bone,  generally  leading  from  the  surface  inwardly.  In  this  way  he 
explains  the  nature  and  mode  of  production  of  the  "tubes"  described  by  Tomes  and 
Lie  Morgan ^as  penetrating  the  bone  in  certain  situations,  and  conjectured  by  them 
to  be  modified  lacunar*  I  at  one  time  believed  that  these  tubes  had  no  relation  to 
the  perforating  fibres,  but  I  have  no  doubt  of  the  correctness  of  Muller's  explanation  • 
at  the  same  time  I  am  satisfied  that  uncalcified  fibres,  though  numerous  at  particular 
th7™  a  by?°mean8,80  frecluent  ^  might  be  inferred  from  Muller's  account  of 
them,  and  that  the  perforating  fibres  may  be  said  to  be  generally  calcified.  Finally 
these  fibres  seem  to  have  no  physiological  significance  :  they  may  be  regarded  a 
merely  a  modification  of  the  mechanical  structure  of  the  tissue 

represenl  the  cT^  S'?  b°De'  the  CUrved  lines-  or  rather  band*  which 

SnX  like  *md  If  r  °L  ?  presCnt'  with  transmitted  light,  a  dark, 

po ver of the  mill  g  A'  <fn8*arent'  and  narrower  zone.    Under  a  high 

radially  a ™ fit  S    \dark  P,art  shows  a  multitude  of  short  bright  lines  running 
au  c lb p Z  an Tfit  TnaDSUlar  PTUcle9  between  them-    The  ^es  ™  P^ably 
par  Ses  seem       m,  n       "T^f110^1^  lamclla  •  the  appearance  of  dark 
whS  thC  CUt  ends  of  the  ^ticnlating  fibres  of 

wnicn  it  is  made  up.    A  longitudinal  section  of  a  cylindrical  bone  carried  across  the 

*  Phil.  Trans.  1853,  p  116. 
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lamellae  presents  a  corresponding  appearance,  for  as  the  fibres  run  more  or  less 
obliquely  to  the  axis  of  the  bone,  they  present  cut  ends  in  a  longitudinal  section  also. 

It  thus  appears  that  the  animal  basis  of  bone  is  made  up  of  lamellae  com- 
posed of  fine  reticular  fibres  ;  but  interposed  among  these  lamellae,  layers  are 
here  and  there  met  with  of  a  different  character,  viz.  : — 

1.  Strata  of  amorphous  or  granular  aspect,  in  which  the  lacunae  are  very 
conspicuous  and  regularly  arranged,  and  sometimes  appearing  as  if  sur- 
rounded by  faintly-defined  areolae.  These  generally  incomplete  layers  often 
terminate  by  a  scolloped  border  as  if  made  up  of  confluent  round  or  oval 
bodies  ;  this  is  indicated  also  by  the  occasional  occurrence  of  oval  or  flattened 
spheroidal  bodies  Bingly  or  in  small  groups  near  the  border  of  these 
layers,  each  with  a  cavity,  apparently  a  lacuna,  in  the  centre.  In  fact,  if 
the  round  bodies  shown  in  figure  xlviii.  had  a  central  vacuity,  they  would 
very  well  represent  the  objects  here  referred  to.  In  some  parts  the  granular 
substance  is  obscurely  fibrous,  and  transitions  may  be  observed  to  the 
well-marked  reticular  laminee.  The  layers  described  principally  occur,  so 
far  as  I  have  been  able  to  observe,  near  the  surface  of  the  compact 
tissue,  and  at  the  circumference  of  many  of  the  systems  of  concentric  Haver- 
sian lamellce. 

2.  Irregular  layers  of  rounded  bodies,  apparently  solid  and  without  central 
cavity  or  mark,  well  represented  in  figure  xlviii.,  which  is  after  a  drawing 
from  nature  by  Dr.  A.  Thomson.  I  have  hitherto  met  with  these  layers 
chiefly  near  the  surface  of  the  shaft  of  long  bones,  lying  among  the  circum- 
ferential laminee,  and,  so  far  as  I  can  observe,  forming  only  part  of  a 
circuit.  They  can  occasionally  be  recognised  in  a  transverse  section  as 
short  curvilinear  bands  of  peculiar  aspect,  broader  in  the  middle  and  thinning 
away  at  the  ends,  appearing  here  and  there  between  the  cut  edges  of  two 
ordinary  circumferential  laminae. 

The  appearances  described  under  1  and  2,  and  especially  the  last,  as  represented  in 
fig.  XLVIII.,  suggest  the  notion  of  irregular  layers  of  spheroidal  bodies,  some  single, 
but  mostly  confluent  in  groups,  adherent  to  the  subjacent  surface ;  and  one  is  especially 
tempted  to  this  belief  by  the  account  given  by  Gegenbaur  *  of  the  deposition  of  osseous 
matter  in  growing  bone  at  certain  points  in  the  form  of  oval  or  spheroidal  globules, 
which  in  size  and  aspect  would  sufliciently  answer  to  the  objects  above  described. 
Nevertheless  I  incline  rather  to  the  explanation  offered  by  Professor  C.  Loven,  of 
Stockholm,  to  whom  I  showed  the  figure  and  specimens ;  viz.,  that  the  surface  covered 
apparently  with  globular  bodies,  single  or  in  botryoidal  groups,  is  really  a  cast  m 
relief  from  a  contiguous  surface  of  bone  that  has  been  excavated  by  absorption.  It 
is  known  that  in  the  growth  of  a  bone  absorption  occurs  at  various  parts,  and  is  often 
followed  by  fresh  ossific  deposition  ;  as,  for  example,  in  the  excavation  and  subsequent 
filling  up  of  the  Haversian  spaces.  The  absorption  in  such  cases  is  a  healthy  process, 
but  the  absorbed  surface  is,  as  in  absorption  from  disease,  eroded  or  scooped  out  into 
sinuous  hollows,  the  larger  of  which  are  again  carved  on  the  inside  into  smaller- 
rounded  pits.  New  osseous  matter  deposited  on  such  a  surface  fills  up  its  hollows,  and 
■when  the  new  layer  is  detached,  it  exhibits  a  raised  impression  corresponding  with 
them.t 

*  Jenaische  Zeitschrift  fur  Medizin  und  Naturwissenschaft .  Vol.  1.  p.  353.  _ 
t  Two  observations  which  I  have  had  occasion  to  make  favour  this  explanation.  A 
cross  section  of  a  (laj-e)  serpent's  rib  shows  an  outer  and  an  inner  series  of  concentric 
lamellce  surrounding  the  medullary  canal,  and  the  inner  trenches  on  the  outer  by  a  festooned 
border  such  as  often  bounds  a  series  of  Haversian  rings.  Now,  in  the  dccalcihed  rib,  it  is 
easy  to  peel  off  the  inner  from  the  outer  layers,  and  the  detached  surface  of  the  tormer 
shows  a  number  of  oval  eminences,  some  with  one,  others  with  two,  three,  or  more  lacume 
in  their  substance  ;  whilst  what  was  the  contiguous  surface  of  the  outer  layers  has  exca- 
vations that  correspond.    Again,  in  the  grinding  tooth  of  the  horse,  the  surface  ot  the 
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Ossified  cartilage  is  found  on  the  articular  ends  of  adult  bones,  lying 
underneath  the  natural  cartilage  of  the  joint,  both  in  the  moveable  articu- 

Fig.  XLVIII. 


Fig.  XLVIII.-Poktion  op  a  Nodulated  Layer  op  Bone-Tissue  prom  near  the 

SURPAOE  OP  THE  ShAPT  OP  A  DECALCIFIED  HUMERUS. 

At  one  side  shreds  of  fibrous  lamella,  are  seen  in  the  figure.    Magnified  300 

diameters. 

SymphySe1S'  fnd  is  *  fact  ^  deeper  part  of  the  cartilage 
which  has  been  encroached  upon  by  the  calcifying  process  The  animal 
basis  is  here,  however,  of  a  totally  different  nature  from  that  of  the  Ze 

TpWo^  enamel,  is  marked  over  with 

in  Fig.  XLVIlf  W  moU  nf  M  •^8peClmenS'  Very  much  the  aPPea>ance  represented 
look  very  like  distinct  °D£  °r         lacu™-^  cavities  within.  They 

containing  lacuna,  but  on  ±!'f,  >?*  bT  d,escribed  by  Czermak  as  calcified  cells 
^erwi^Iam^Sttfe^^T^-f  tbe  deca^e?  ^yer  in  profile-sections  and 
continuous  by  their  (sometimes  ZZ«  ft  *  ar™'mllary  elevations  of  the  surface, 
is  destroyed  in  the  decalcSion  S?  J  ^ \  W1*Vh,e  general  subf^<*.  The  enamel 
from  which  the  mammiUa  Jd  t  /  thetsurface  of  tbe  dentine  of  the  cervix  and  root 
excavated  in  a  manner  to  corSonrl  JiT  PCtr°Sa  haS  beeD  deta<*ed,  is  found  to  be 
their  mutual  connection       "esPond  with  it;  an  arrangement  well  calculated  to  secure 
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beneath  ;  for,  when  the  earthy  matter  is  extracted  by  means  of  an  acid,  the 
tissue  which  remains  has  all  the  characters  of  cartilage. 

As  to  the  mode  in  which  the  earthy  matter  is  connected  with  the  animal 
substance,  we  know  that  the  combination  is  very  intimate,  but  the  manner 
in  which  it  is  effected  is  not  fully  understood  ;  probably  there  is  a  chemical 
union  between  the  collagenous  matter  and  the  earthy  salts. 

The  periosteum,  as  already  stated,  is  a  fibrous  membrane  which  covers 
the  bones  externally.    It  adheres  to  them  very  firmly,  and  invests  every 
part  of  their  surface,  except  where  they  are  covered  with  cartilage  or  con- 
nected to  other  bones  by  fibro-cartilage.     According  to  Kolliker  it  is  com- 
posed of  two  different  layers  ;  the  outer,  consisting  of  white  fibres,  and 
containing  occasional  fat-cells,  is  the  means  of  supporting  numerous  blood- 
vessels destined  for  the  bone,  which  ramify  in  the  membrane,  and  at  length 
send  their  minute  branches  into  the  Haversian  canals  of  the  compact  sub- 
stance, accompanied  by  processes  of  filamentous  tissue  derived  from,  or  at 
least  continuous  with,  the  periosteum.    The  inner  layer  is  made  up  of 
elastic  fibres  ;  and  frequently  presents  the  appearance  of  several  distinct 
strata  of  "  elastic  membrane."    Fine  nervous  filaments  spread  out  in  the 
periosteum  ;  they  are  chiefly  associated  with  the  arteries,  and  for  the  most 
part  destined  for  the  subjacent  bone  ;  but  some  are  for  the  membrane 
itself. 

The  chief  use  of  this  membrane  is  evidently  to  support  the  vessels  going  to  the 
bone,  and  afford  them  a  bed  in  which  they  may  subdivide  into  fine  branches,  and  so 
enter  the  dense  tissue  at  numerous  points.  Hence,  when  the  periosteum  is  stripped 
off  at  any  part,  there  is  great  ri.sk  that  the  denuded  portion  of  the  bone  will  die  and 
exfoliate.  The  periosteum  also  contributes  to  give  firmer  hold  to  the  tendons  and 
ligaments  where  they  are  fixed  to  bones  ;  indeed,  these  fibrous  structures  become  con- 
tinuous and  incorporated  with  it  at  their  attachment. 

The  marrow  (medulla  ossium)  is  lodged  in  the  interior  of  the  bones  ;  it 
fills  up  the  hollow  shaft  of  lotfg  bones  and  occupies  the  cavities  of  the 
cancellated  structure  ;  it  extends  also  into  the  Haversian  canals— at  least 
into  the  larger  ones— along  with  the  vessels.  Like  ordinary  adipose  tissue, 
it  consists  of  vesicles  containing  fat,  with  blood-vessels  distributed  to  them. 
A  fine  layer  of  a  highly  vascular  areolar  tissue  lines  the  medullary  canal,  as 
well  as  the  smaller  cavities  which  contain  marrow  ;  this  has  been  named  the 
medullary  membrane,  internal  periosteum,  or  endosteum  ;  but  it  cannot  be 
detached  as  a  continuous  membrane.  Its  vessels  partly  supply  the  con- 
tiguous osseous  substance,  and  partly  proceed  to  the  clusters  of  adipose 
vesicles,  among  which  there  is  but  very  little  connective  tissue,  m  conse- 
quence perhaps  of  their  being  contained  and  supported  by  bone. 

The  marrow  differs  considerably  in  different  situations.  Within  the  shaft  of  the 
Ion-  bones  it  is  of  a  yellow  colour,  and  contains,  in  100  parts,  96  of  fat,  1  of  con- 
nective tissue,  and  3  of  water.  In  short  bones,  and  in  the  cancellated  ends  of  long 
bones,  but  especially  in  the  cranial  diploe,  the  bodies  of  the  vertebra,  the  sternum, 
and  the  ribs,  it  is  red  or  reddish  in  colour,  of  more  fluid  consistence,  and  with  very 
few  fat  cells.  That  from  the  diploe  consists  of  75  parts  of  water  and  25  of  solid 
matters,  which  are  chiefly  albumen,  fibrin,  extractive  and  salts,  with  mere  traces  ot 
fat  While,  however,  the  fat  cells  are  scanty  in  the  red-coloured  marrow  it  contains 
minute,  roundish  nucleated  cells- the  proper  marrow-cells  of  Kolliker.  These,  w  ncii 
include  no  fat,  correspond  in  character  with  the  cells  found  in  the  articular  ends  of 
long  bones  affected  with  hyperemia;  they  occur  normally  in  the  cranial  bones,  ver- 
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tebrae,  and  sternum,  and  in  variable  number  in  the  scapula,  the  innominate,  and 
facial  bones. 

The  marrow  serves  the  same  general  purposes  in  the  economy  as  ordinary  fat. 
Placed  within  the  bones,  which  are  made  hollow  for  the  sake  of  lightness,  it  serves  as 
a  light  and  soft  material  to  fill  up  their  cavities  and  support  their  vessels.  In  birds, 
for  the  sake  of  still  further  lightening  their  skeleton,  the  , larger  bones,  instead  of 
being  filled  with  marrow,  contain  air,  which  passes  into  them  from  the  lungs  by 
openings  at  their  extremities.  Even  in  man  there  are  certain  hollow  bones  of  the 
cranium  and  face  which  are  naturally  filled  with  air.  The  cavities  of  these  bones  are 
named,  sinuses ;  they  open  into  the  adjoining  air-passages,  and  are  lined  with  a  pro- 
longation of  the  mucous  membrane,  underneath  which  is  a  thin  periosteum. 

The  bones  do  not  at  first  contain  fatty  marrow ;  in  the  foetus  their  cavities  are 
filled  with  a  transparent  reddish  fluid,  like  bloody  serum,  only  more  consistent  and 
tenacious,  with  granular  marrow  cells.  In  dropsical  subjects  also,  the  marrow,  like 
the  rest  of  the  fat,  is  consumed  to  a  greater  or  less  extent,  its  place  being  occupied  by 
a  serous  fluid. 


Blood-vessels. — The  bones  are  well  supplied  with  blood-vessels.    A  net- 
work of  periosteal  vessels  covers  their  outward  surface,  others  penetrate  to 
the  cavities  of  the  spongy  part  and  the  medullary  canal,  on  the  sides  of 
which  they  ramify,  and  fine  vessels,  deprived  of  their  muscular  coat,  run 
through  all  parts  of  the  compact  tissue  in  the  Haversian  canals.    The  sides 
of  these  internal  cavities  and  canals  make  up  together  a  large  extent  of 
inward  surface  on  which  vessels  are  spread.    The  nutritious  fluid  conveyed 
by  these  vessels  no  doubt  escapes  through  their  coats  and  permeates  the 
surrounding  dense  bone  interposed  between  the  vascular  canals  ;  and  it 
seems  highly  probable  that  the  system  of  lacunse  and  communicating  canali- 
cuh,  already  described,  is  a  provision  for  conducting  the  exuded  fluid 
through  the  hard  mass.    When  a  bone  is  macerated,  its  vessels  and  mem- 
branes are  destroyed,  whilst  the  intermediate  true  bony  matter,  being  of  an 
incorruptible  and  persistent  nature,  remains  ;  a  process  which,  for  obvious 
reasons,  cannot  be  effected  with  the  soft  tissues  of  the  body. 

The  vessels  of  bone  may  be  recognised  while  it  is  yet  fresh  by  the  colour 
of  the  blood  contained  in  them  ;  but  they  are  rendered  much  more  con- 
spicuous by  injecting  a  limb  with  size  and  vermilion,  depriving  the  bones 
oi  their  earth  by  means  of  an  acid,  and  then  drying  them  and  putting  them 
into  od  of  turpentine,  by  which  process  the  osseous  tissue  is  rendered  trans- 
parent whilst  the  injected  matter  in  the  vessels  retains  its  red  colour  and 
opacity.  Numberless  small  vessels  derived  from  the  periosteum,  as  already 
mentioned  pass  along  the  Haversian  canals  in  the  compact  substance! 
Ihese  are  both  arterial  and  venous,  but,  according  to  Todd  and  Bowman, 
the  two  kinds  of  vessels  occupy  distinct  passages  ;  and  the  veins,  which  are 
the  larger,  present,  at  irregular  intervals,  pouch-like  dilatations  calculated 
to  serve  as  reservoirs  for  the  blood,  and  to  delay  its  escape  from  the  tissue. 

textT'  °T  l?^  S1Zl  bUt  f6Wer  in  nUmber'  Proceed  t0  the  cancellated 
nTr  7h     V  i      g  ,°DeS  numerous  apertures  may  be  seen  at  the  ends, 

rXeS  toarbuT  S  SUrfTe  8  '  T6  °f  theSe  giv6  t0  ^  "fri-i 

reierred  to  but  the  greater  number,  as  well  as  the  larger  of  them   are  for 

Laestr:  i^r'r texture' which  ™  ^iz^Telz 

bone  in  h?in I  ^  ^  t0  the  mam>W  the  cent™l  V**  of  the 
-  the  nutritu  "frf      »  ^  °ften>  but  improperly,  called 

the shaft ^  by  a  hole?'  P"""**0  the  medulW  canal,  near  the  middle  of 
veLel  whkfh  is  to  ^S  ,°^qUely  thr°USh  the  comPact  subf^nce.  The 
unwards  and  d^TTV7  °UQ  °r  two  Veins>  the»  ^nds  branches 
upwards  and  downwards  to  the  marrow  and  medullary  membrane  in  the 
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central  cavity  and  the  adjoining  Haversian  canals.  Its  ramifications  anas- 
tomose with  the  arteries  of  the  compact  and  cancellated  structure  ;  indeed, 
there  is  a  free  communication  between  the  finest  branches  of  all  the  vessels 
which  proceed  to  the  bone,  and  there  is  no  strictly  defined  limit  between 
the  parts  supplied  by  each.  In  the  thigh-bone  there  are  two  medullary 
arteries  entering  at  different  points. 

The  veins  of  the  cancellated  texture  are  peculiar  and  deserve  special 
notice.  They  are  large  and  numerous,  and  run  separately  from  the  arteries. 
Their  arrangement  is  best  known  in  the  bones  of  the  skull,  where,  being 
lodged  in  the  diploe  or  spongy  texture  between  the  outer  and  inner  compact 
tables,  they  have  received  the  name  of  the  diploic  veins.  They  run  in 
canals  formed  in  the  cancellated  structure,  the  sides  of  which  are  con- 
structed of  a  thin  lamella  of  boue,  perforated  here  and  there  for  the  admis- 
sion of  branches  from  among  the  adjoiuing  cancelli.  The  veins,  being  thus 
inclosed  and  supported  by  the  hard  structure,  have  exceedingly  thin  coats. 
They  issue  from  the  bone  by  special  apertures  of  large  size.  A  similar 
arrangement  is  seen  in  the  bodies  of  the  vertebrae,  from  whence  the  veins 
come  out  by  large  openings  on  the  posterior  surface. 

The  lymphatics  of  the  bones  are  but  little  known  ;  still,  there  is  evidence 
of  their  existence,  for,  independently  of  the  authority  of  Mascagni  (which 
is  of  less  value  in  this  particular  instance,  inasmuch  as  he  does  not  state 
expressly  that  he  injected  the  vessels  which  he  took  for  the  lymphatics  of 
bone),  we  have  the  testimony  of  Cruikshank,  who  injected  lymphatics 
coming  out  of  the  body  of  one  of  the  dorsal  vertebne,  in  the  substance  of 
which  he  also  saw  them  ramifying.* 

Fine  nerves  have  been  seen  passing  into  the  medullary  canal  of  some  of 
the  long  bones  along  with  the  artery,  and  following  its  ramifications,  but 
their  ultimate  distribution  is  doubtful  ;  and  Kolliker  describes  fine  nervous 
filaments  as  entering  with  the  other  arteries  of  the  bone  to  the  spongy  and 
compact  tissue.  As  far,  however,  as  can  be  judged  from  observations  on 
man  and  experiments  on  the  lower  animals,  the  bones,  as  well  as  their 
investing  periosteum,  are  scarcely  if  at  all  sensible  in  the  healthy  condition, 
although  they  are  painfully  so  when  inflamed. 

Some  hold  that  the  same  is  true  of  the  marrow,  or  rather  the  medullary  membrane  ; 
others,  among  whom  are  Duverney  and  Bichat,  affirm,  on  the  contrary,  that  the 
medullary  tissue  is  sensible.  They  state  that,  on  sawing  through  the  bone  of  a  living 
animal,  and  irritating  the  medullary  membrane  by  passing  a  probe  up  the  cavity,  or 
by  injecting  an  acrid  fluid,  very  unequivocal  signs  of  pain  will  be  manifested. 
Beclard,  who  affirms  the  same  fact,  points  out  a  circumstance  which  may  so  far 
account  for  the  result  occasionally  turning  out  differently— namely,  that  when  the 
bone  happens  to  be  sawn  through  above  the  entrance  of  the  medullary  artery,  the 
nerves  going  along  with  that  vessel  are  divided,  and  the  marrow  consequently  ren- 
dered insensible,  as  happens  with  any  other  sensible  part  when  its  nerves  are  cut. 

Formation  and  growth  of  bone.  —The  foundation  of  the  skeleton  is  laid  at 
a  very  early  period,  for  among  the  parts  that  appear  soonest  in  the  embryo, 
we  distinguish  the  rudiments  of  the  vertebra  and  base  of  the  skull,  which 
afterwards  form  the  great  median  column  to  which  the  other  parts  of  the 
bony  fabric  are  appended.  But  it  is  by  their  outward  form  and  situation 
only,  that  the  parts  representing  the  future  bones  are  then  to  be  recognised  ; 
for  at  that  early  period  they  do  not  differ  materially  in  substance  from  the 
other  structures  of  the  embryo,  being,  like  these,  made  up  of  granular 


*  Anatomy  of  the  Absorbing  Vessels,  1790,  p.  198. 
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corpuscles  or  elementary  cells,  united  together  by  a  soft  amorphous  matter. 
Very  soon,  however,  they  become  cartilaginous,  and  ossification  in  due  time 
beginning  in  the  cartilage  and  continuing  to  spread  from  one  or  from  several 
points,  the  bone  is  at  length  completed. 

But  while  it  is  true  with  respect  to  the  bones  generally  that  their  ossifi- 
cation commences  in  cartilage,  it  is  not  so  in  every  instance.  The  tabular 
bones,  forming  the  roof  of  the  skull,  may  be  adduced  as  a  decided  example 
to  the  contrary  ;  in  these  the  ossification  goes  on  in  a  membranous  tissue 
quite  different  in  its  nature  from  cartilage  ;  *  and  even  in  the  long  bones, 
in  which  ossification  undoubtedly  commences  and  to  a  certain  extent  pro- 
ceeds in  cartilage,  it  will  be  afterwards  shown  that  there  is  much  less  of  the 
increment  of  the  bone  really  owing  to  that  mode  of  ossification  than  has, 
till  lately,  been  generally  be- 
lieved. It  is  necessary,  there-  Fig.  XLIX. 
fore,  to  distinguish  two  spe- 
cies or  modes  of  ossification, 
which  for  the  sake  of  brevity 
may  be  called  the  intramem- 
branous  and  the  inin-acartila- 
ginous. 

Ossification  in  membrane. 
— The  tabular  bones  of  the 
cranium,  as  already  said, 
afford  an  example  of  this 
mode  of  ossification.  The 
base  of  the  skull  in  the  em- 
bryo is  cartilaginous  ;  but  in 
the  roof,  that  is  to  say,  the 
part  comprehending  the  pari- 
etal, the  upper  and  greater 
part  of  the  frontal,  and  a 
certain  portion  of  the  occipital 
bones,  we  find  (except  where 
there  happen  to  be  commenc- 
ing muscular  fibres)  only  the 
integuments,  the  dura  mater, 
and  an  intermediate  mem- 
branous layer,  which  differs 
from  cartilage  in  its  intimate 
structure  as  well  as  in  its 
more  obvious  characters,  and 
in  which  the  ossification  pro- 
ceeds. 

The  commencing  ossifica- 
tion of  the  parietal  bone, 
which  may  be  selected  as  an 
example,  appears  to  the  naked 
eye  in  form  of  a  net-work  in 

Ta^^thefal6  IT/V? ^  °f  b°U6  ™  in  varioua  Sections,  and  meet 
eacn  other  at  short  distances.    By  and  by  the  ossified  part,  becoming 

^tiSj"^^^?^  by  D,  Nesbitt,  who  distinguishes  the  two 
Osteogeny,  Loud.  1736.  his  views  arc  quite  correct.— See  his  human 


Fig.  XLIX. — Parietal  Bone  op  an  Embryo 
Sheep.    Size  op  the  Embryo,  2£  inches. 

The  small  upper  figure  represents  the  bone  of  the 
natural  size,  the  larger  figure  is  magnified  about  12 
diameters.  The  curved  line,  a,  b,  marks  the  height 
to  which  the  subjacent  cartilaginous  lamella  ex- 
tended. A  few  insulated  particles  of  bone  are  seen 
near  the  circumference,  an  appearance  which  is  quite 
common  at  this  stage. 
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extended,  gets  thicker  and  closer  in  texture,  especially  towards  the  centre, 
and  the  larger  bony  spicula  which  now  appear,  run  out  in  radiating  lines  to 
the  circumference.  The  ossification  continues  thus  to  spread  and  consolidate 
until  the  parietal  meets  the  neighbouring  bones,  with  which  it  is  at  length 
united  by  suture. 

The  figure  (xlix.)  represents  the  parietal  bone  of  an  embryo  sheep  about 
two  inches  and  a  half  long,  and  shows  the  character  of  the  ossification 
as  it  appears  when  the  object  is  magnified  about  twelve  diameters.  The  bone 
is  formed  in  membrane  as  in  the  human  foetus,  but  a  thin  plate  of  cartilage 
rises  up  on  its  inside  from  the  base  of  the  skull.  The  ossification,  however, 
is  decidedly  unconnected  with  the  cartilage,  and  goes  on  in  a  membrane 
lying  outside  of  it.  The  cartilaginous  plate  is  not  represented  in  the  figure, 
but  a  dotted  curve-line,  a,  b,  near  the  top,  marks  the  height  to  which  it 
reached,  and  from  this  it  will  be  seen  that  the  ossification  extended  beyond  the 
cartilage.  In  the  region  of  the  frontal  bone  the  cartilage  does  not  even 
rise  so  high.  In  both  cases  its  limit  is  well  defined,  and  under  the  micro- 
scope it  presents  a  decided  contrast  to  the  adjacent  membrane. 

"When  further  examined  with  a  higher  magnifying  power,  the  tissue  or 
membrane  in  which  the  ossification  is  proceeding,  appears  to  be  made  up 
of  fibres  and  granular  corpuscles,  with  a  soft  amorphous  or  faintly  granular 
uniting  matter,  and,  in  point  of  structure  might  not  unaptly  be  compared 
to  connective  tissue  in  an  early  stage  of  development.  The  corpuscles  are 
large,  mostly  two  or  three  times  the  size  of  blood  corpuscles  ;  their  sub- 
stance is  granular  in  character,  and,  especially  in  specimens  preserved  in 
spirit,  usually  hides  the  nucleus.  They  are  densely  packed  all  over  the 
area  of  ossification,  covering  the  bony  spicula,  and  filling  up  their  inter- 
stices ;  so  that,  to  bring  the  growing  parts  into  view,  the  corpuscles  must 
be  washed  away  with  a  hair  pencil,  or  removed  by  short  immersion  of  the 
specimen  in  weak  solution  of  soda. 

On  observing  more  closely  the  points  of  the  growing  osseous  rays  at  the 
circumference  of  the  bone,  where  they  shoot  out  into  the  soft  tissue,  it  will 
be  seen  that  the  portion  of  tbem  already  calcified  is  granular  and  rather  dark 
in  appearance  (fig.  L.,  a,  b,  c),  but  that  this  character  is  gradually  lost  as 
they  are  traced  further  outwards  in  the  membrane,  in  which  they  are  pro- 
longed for  a  little  way  in  form  of  soft  and  pliant  bundles  of  transparent  fibres 
(fig.  l.  ,  /).  Further  inwards,  where  the  slender  rods  or  bars  of  bone  are 
already  in  great  part  hard,  their  calcified  substance  is  coated  over  (although 
unequally)  with  transparent  and  as  yet  soft  and  imperfectly  calcified  matter, 
by  which  they  grow  in  thickness  ;  and  this  ossifying  substance  spreads  out 
at  their  sides,  and  encroaches  on  the  intervening  space,  in  form  of  a  bright 
treUis-work  (fig.  l.  ,  cl),  thin  towards  its  outer  limit,  and  there  composed  of  fine 
fasciculi,  but  denser  and  coarser  nearer  the  bone,  where  the  trabeculae  are 
thick  and  round,  and  already  granular  from  commencing  earthy  impregna- 
tion.* The  interstices  of  this  mesh- work  are  in  some  parts  occupied  by  one 
or  more  of  the  corpuscles,  but  at  other  parts  they  are  reduced  to  short  narrow 
clefts  or  mere  pores.  The  appearance  which  I  have  endeavoured  to  describe 
is  especially  well  seen  at  those  places  where  a  cross  bridge  of  bone  is  being 
formed  between  two  long  spicula  (as  at  e)  ;  we  may  there  distinguish  the  clear 

*  A  notion  of  this  appearance  may  also  be  obtained  from  Fig.  LVIIL,  page  cxiii.,  which 
represents  intramembranous  ossification  advancing  under  the  periosteum  of  a  long  bone. 
From  a  to  c  is  the  ossifying  trellis- work,  but  coarser  than  in  the  early  cranial  bone. 
From  a  to  b  is  the  part  already  impregnated  with  earthy  deposit,  which  is  encroaching  on 
the  part  b,  c,  as  yet  soft  and  pellucid. 
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soft  fibres  or  trabecules  which  have  already  stretched  across  the  interval ;  and 
the  darkish  granular  opacity  indicating  the  earthy  deposit  (a,  a')  may  be  per- 
ceived advancing  into  them  and  shading  off  gradually  into  their  pellucid 
substance  without  a  precise  limit.  This  soft  transparent  matter,  which 
becomes  ossified,  may,  wherever  it  occurs,  be  distinguished  by  the  name  of 
"  osteogenic  substance,"  as  proposed  by  H.  Miiller,  or  simply  of  "  osteogen." 
It  is  or  becomes  fibrous  in  intimate  structure,  and  for  the  most  part  finely 
reticular,  like  the  decalcified  bone  itself,  but  must  not  be  confounded 
with  fibres  which  may  pre-exist  in  the  membranous  tissue  in  which  the 
bone  is  growing. 

The  granular  corpuscles  or  cells  everywhere  cover  in  a  dense  layer  the 
osteogenic  substance,  and  lie 
in  its  meshes  ;  most  probably 
they  yield  or  excrete  that 
substance,  and  hence  it  has 
been  proposed  to  call  them 
"  osteoblasts."  On  this  view 
the  process  might  be  com- 
pared to  the  production,  by 
cells,  of  the  matrix  of  carti- 
lage and  the  intercellular 
fibrillating  substance  in  grow- 
ing connective  tissue  ;  also 
to  the  excretion  of  mem- 
branous, cuticular,  and  other 
deposits  by  cells,  and  layers 
of  cells,  long  since  pointed 
out  by  Kblliker. 

But  some  of  the  granuhr 
cells  are  involved  in  the 
ossifying  matrix,  and  eventu- 
ally inclosed  in  lacunas.  Single 
cells  may  accordingly  be  seen 
partially  sunk  in  the  recent 
osteogenic  deposit,  which 
then  gradually  grows  over 
them  and  buries  them  in  its 
substance  ;  and  the  cavity  in 
which  the  corpuscle  is  thus 
inclosed  becomes  a  lacuna. 

Some  observera  state  that  when 
such  a  corpuscle  is  as  yet  but 
half  sunk  in  the  growing  sub- 
stance, processes  may  be  seen 
passing  from  the  imbedded  side 
into  fine  clefts  of  the  matrix, 
which  close  in  around  them  and 
become  the  canaliculi ;  and  that 
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Fig.  L. — The  Growing  End  . 

the  Parietal  Bone  of  an  Embryo  Sheep  at  ahout 

the  same  penod  of  advancement  as  in  Fi"  XLIX  ■ 

Tfi?^  150  diameters,  but  drawn  und^r  a  power 
ot  doO  diameters. 


a,  b,  c,  and  a,  parts  already  calcified;  d,  d,  irre- 
gular network  of  soft  and  pellucid  osteogenic  sub- 
stance^ on  which  the  calcification  is  encroaching- 
a,  e  a  a  connecting  bar  or  bridge  still  soft  at  e,  but 
calcified  at  a  and  a' ;  f,  extremity  formed  of  bundles 
of  soft  osteogenic  fibres.  N.B.  The  structure  repre- 
sented was  covered  over  and  hidden  by  granular  cor- 
puscles which  have  been  removed.    In  the  calcified 

KTt^SSKM^  5  wded  by  absorption' 80  as  10  anaB- 

it  seems  more  probable Sffi  t?      'r  But  fr°m  a11  1  can  sec  of  thc  Procesa' 
I  tnat  whilst  the  ossific  matter  closes  in  around  the  corpuscle 
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and  forms  the  lacuna,  the  canaliculi  and  their  communications  maybe  merely  channels 
left  as  vacuities  in  the  osseous  deposit,  into  which  the  processes  of  the  now  stellate 
corpuscle  pass  but  a  short  way. 

As  the  bone  extends  in  circumference,  it  also  increases  in  thickness  ;  the 
vacuities  between  the  bony  spicula  become  narrowed  or  disappear,  and  at  a 
more  advanced  period  the  tabular  bones  of  the  cranium  are  tolerably  compact 
towards  the  centre,  although  their  edges  are  still  formed  of  slender  radiating 
processes.  At  this  time  also  numerous  furrows  are  grooved  on  the  surface 
of  the  bone  iu  a  similar  radiating  manner,  and  towards  the  centre  these  are 
continued  into  complete  tubes  or  canals  in  the  older  and  denser  part,  which 
run  in  the  same  direction.  The  canals,  as  well  as  the  grooves,  which  become 
converted  into  canals,  contain  blood-vessels  supported  by  processes  of  the 
investing  membrane,  and  are  lined  with  granular  cells,  which  deposit  con- 
centric layers  of  bone  inside  these  channels  ;  and  when  thus  surrounded  with 
concentric  laminse,  these  tubular  cavities  are  in  fact  the  Haversian  canals. 


Fig.  LI. 


I  may  here  observe  that  in  earlier  stages,  such  as  that 
shown  in  fig.  xlix.,  vessels  may  be  seen  in  the  soft  tissue,  some 
twice  or  three  times  the  size  of  a  blood-capillary,  others  con- 
siderably more,  but  all  with  only  a  homogeneous  coat  with 
cells  upon  it  here  and  there,  and  without  a  muscular  layer. 

Ossification  in  cartilage. — It  has  already  been  stated 
that  in  by  far  the  greater  number  of  bones,  the  primitive 
soft  cellular  matter  of  which  they  originally  consist  is 
very  quickly  succeeded  by  cartilage,  in  which  the 
ossification  begins.    One  of  the  long  bones  taken  from 
a  very  small  embryo,  just  before  ossification  has  com- 
menced in  it,  is  observed  to  be  distinctly  cartilaginous. 
Iu  the  tibia  of  a  sheep,  for  example,  at  a  time  when 
the  whole  embryo  is  not  more  than  an  inch  and  a 
quarter  in  length,  we  can  plainly  see  that  the  substance 
consists  of  cartilage-cells  imbedded  in  a  pellucid  matrix. 
These  cells,  which  can  scarcely  be  said  to  be  collected 
into  groups,  are  much  larger  in  the  middle  part  of  the 
shaft  where  ossification  afterwards  commences,  and 
there  also  they  are  mostly  placed  with  their  long 
diameter  across  the  direction  of  the  bone  :  towards  the 
ends  they  are  much  smaller  and  closer  together,  and 
the  cartilage  there  is  less  transparent.     As  it  enlarges 
the  cartilage  acquires  firmer  consistence  ;  it  represents 
in  figure  the  future  bone,  though  of  course  much 
smaller  in  size,  and  it  is  surrounded  with  a  fibrous 
membrane  or  perichondrium,  the  future  periosteum. 
Vessels  ramify  in  this  membrane,  but  none  are  seen 
in  the  cartilage  until  ossification  begins. 

In  a  long  bone  the  ossification  commences  in  the 
middle  and  proceeds  towards  the  ends,  which  remain 
long  cartilaginous,  as  represented  in  fig.  Li.  At 
length  separate  points  of  ossification  appear  in  them,  and  form  epiphyses, 
which  at  last  are  joined  to  the  body  of  the  bone. 

The  new-formed  oseeous  tissue  is  red  and  obviously  vascular,  and  blood- 
vessels extend  a  little  way  beyond  it  into  the  adjoining  part  of  the  cartilage. 


Fig.     LI. — Humkrus 

OP  A  FCETUS,  NATU- 
RAL SIZE. 

The  upper  half  is 
divided  longitudinally. 
a,  cartilage,  b,  bone, 
which  terminates  to- 
wards the  cartilage  by 
a  slightly  convex  sur- 
face. 
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In  a  long  bone  these  precursory  vessels  are  seen  at  either  end  of  the  ossified 
portion  of  the  shaft,  forming  a  red  zone  in  that  part  of  the  cartilage  into 
which  the  ossification  is  advancing.  The  vessels  are  lodged  in  excavations 
or  branching  canals  in  the  cartilage,  (fig.  Li.  a,)  which  also  contain  granular 
corpuscles  and  soft  matter.  Other  vascular  cauals '  enter  the  cartilage  from 
its  outer  surface,  and  conduct  vessels  into  it  directly  from  the  perichondrium  ; 
at  least,  this  may  be  seen  when  the  ossification  approaches  near  to  the  ends 
of  the  bones. 

Dr.  Baly  has  observed  that  in  a  transverse  section  of  the  ossifying  cartilage,  its 
cells  appear  arranged  in  radiating  lines  round  the  sections  of  the  vascular  canals ;  * 
and  I  may  also  remark  that  in  many  of  these  radiating  groups  the  cells  successively 
diminish  in  size  towards  the  centre,  that  is,  as  they  approach  the  canal.  The  canals 
which  enter  from  the  surface  of  the  cartilage  are  probably  formed  by  processes  from 
the  vascular  subperichondrial  tissue,  which,  excavating  the  canals"  by  absorption, 
thus  extend  themselves  through  the  mass  of  cartilage ;  and  as  the  perichondrium 
affords  material  for  the  growth  of  the  cartilage  at  the  surface,  so  these  vascular  pro- 
cesses probably  yield  matter  for  the  multiplication  of  the  cells  in  the  interior  of  the 
mass.  The  canals  which  pass  into  the  cartilage  from  the  ossified  part  are,  in  like 
manner,  most  probably  formed  by  processes  of  the  subperiosteal  tissue  which  pierce  the 
bone  and  extend  through  the  medullary  cavities  within  it  to  the  cartilage,  into  which 
they  penetrate  for  a  short  way  beyond  the  advancing  limit  of  ossification. 

To  examine  the  process  more  minutely,  let  an  ossifying  bone  be  divided 
lengthwise,  as  in  fig.  li.,  and  then  from  the  surface  of  the  section  (as  at  a,  b) 
take  off  a  thin  slice  of  cartilage,  including  a  very  little  of  the  ossified 
part,  and  examine  it  with  the  microscope.     Such  a  view,  seen  with  a 
low  power,  is  shown  in  fig.  in.     The  cartilage  at  a  distance  from  the  sur- 
face of  the  ossified  part  has  its  cells  uniformly  disseminated  in  the  matrix, 
(as  at  a,  where  it  appears  in  the  figure  as  if  granular,)  but  at  and  near  to  the 
limit  where  the  ossification  is  encroaching  upon  it,  the  cells  are  gathered  into 
rows  or  oblong  groups,  between  which  the  transparent  matrix  appears  in  form 
of  clear  longitudinal  lines  (often  obscurely  striated)  obliquely  intersecting  each 
other  (6).    Tomes  and  De  Morgan  state  that  these  rows  are  formed  by 
segmentation  of  the  cartilage  ceUs  transversely  to  the  line  of  ossific  advance 
iurning  now  to  the  newly-formed  bone  (c),  which  from  its  dark  opaque 
aspect  contrasts  strongly  with  the  cartilage,  and  tracing  it  towards  their 
mutual  boundary,  we  see  plainly  the  dark  lines  of  ossification  shooting  up 
into  the  clear  spaces  of  the  cartilage  between  the  groups  of  corpuscles.  The 
earthy  deposit,  in  fact,  proceeds  through  the  matrix,  and  affects  also  those 
parts  of  the  cartilage-capsules  which  form  the  circumference  of  a  group  so 
that  the  new  osseous  substance  forms  in  the  first  instance  oblong  areola  or 
locuh  which  inclose  the  groups  of  cells.    This  is  further  illustrated  by  a 
thm  transverse  section,  carried  nearly  parallel  to  the  ossifying  surface,  and 
partly  encroaching  on  it,  so  as  to  take  off  a  little  of  the  bone  along  wit 
he  carhkge   as  represented  in  fig.  Lm.     In  this  view  we  see,  at  one  part 

U  alter    8"tearly  °  ?  °f  the  -^ly-formed  osseous  areol"  '; 

at  another,  sections  of  the  rows  of  cartilage  cells  with  the  clear  matrix 
between  and  around  them,  and  into  this  the  dark  ossification  is  advan^ 

been  flattened  aTpM^ori1?,,  ^  ^  *u™t?t  Aversely,  as  if  they  had 
they  become  greatly XdTr         bufc     tjie  immediate  vicinity  of  the  bone 

of  the  capsule  is  d  stinc  'frot  SJt  T,\  r°Unded-  ■  J1  m°St  °f  them  the  ouUi"e 
Ct  lr0m  that  of  th*  mass  within.    As  to  the  matter  they 

*  Miiller's  Physiology,  plate  I.,  fig.  16. 
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contain,  in  some  it  is  a  pellucid  substance  strongly  refracting  the  light,  and  nearly 
filling  the  capsule ;  in  others  it  is  faintly  granular  and  light  like  ground  glass,  and 
has  a  well-defined  outline,  and  in  these  there  is  a  very  distinct  nucleus,  varying  much 
in  size  in  different  cells,  but  always  most  regularly  circular,  and  inclosing  one  or 
more  nucleoli ;  lastly,  a  good  many  cells  may  be  seen,  in  which  the  contained  mass 
or  cell-body  has  shrunk  and  does  not  nearly  fill  the  capsule,  and  then  it  is  usually 
coarsely  granular  or  grumous,  with  an  uneven,  and  in  some,  a  jagged  outline. 


Fig.  LII. 


Fig.  LII.  Thin  Longitudinal  Section  of  Ossifying  Cartilage  from  the  Humerus  of 

a  Fostal  Sheep. 

a,  cartilage  cells  uniformly  diffused  ;  b,  cells  nearer  the  boundary  of  the  ossification, 
collected  into  piles  and  inclosed  in  oblong  areolre  of  the  clear  matrix  ;  c,  dark  lines  of 
ossification  extending  into  the  matrix  and  forming  the  primary  bony  areolae.  Magnified 
about  70  diameters. 

Fig.   LIIL— Transverse  Section  of  the  Ossifying  Cartilage  represented  in 

Fig.  LII., 

Made  a  little  above  c,  along  the  surface  of  ossification,  and  including  paTt  of  the  new 
bone  magnified  70  diameters.  The  circular  sections  of  the  groups  of  cells  and  of  the 
osseous  areola;  are  seen  ;  and  the  dark  bone  extending  into  the  clear  intercellular 
matrix. 

It  thus  appears  that  the  bony  tissue,  as  it  advances  into  the  cartilage, 
has  at  first  a  sort  of  alveolar  structure,  made  up  of  fusiform  areola  or 
short  tubular  cavities,  with  thiu  parietes,  which  are  formed  by  calcifi- 
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cation  of  the  matrix  and  partial  calcification  of  the  capsules  of  the  cartilage- 
cells.   But  this  condition,  which  differs  from  that  of  perfect  bone,  is  only  transi- 
tory, and  at  a  short  distance  below  the  ossifying  surface  we  see  a  change 
taking  place  in  the  newly-formed  tissue  ;  the  structure  becomes  more 
open,  the  original  cartilage  cells  disappear  from  its  interstices,  and  the 
medullary  spaces,  with  their  lamellated  parietes,  as  in  the  permanent  cancel- 
lated tissue,  begin  to  be  formed.     This,  which  is  the  next  step  of  the 
process,  takes  place  in  the  following  manner  : — The  primary  areolae,  of  the 
bone  above  described  open  into  one  another 
both  laterally  and  longitudinally  by  absorp- 
tion of  their  intermediate  walls,  and  by 
their  confluence  give  rise  to  the  larger  or 
secondary  cavities,  the  medullary  spaces  of 
H.  Miiller,  which  succeed  them  lower  down. 
This  is  shown  in  a  longitudinal  section  in 
fig.  iv. ,  and  in  transverse  section  in  fig.  lvi., 
a,  which  represents  a  thin  section  made 
almost  immediately  below  the  surface  of 
ossification,  and  in  which  the  primary  cavi- 
ties are  seen  to  have  coalesced  into  larger 
ones.    A  transverse  section  somewhat  lower 
down,  (fig.  lvi.,  b,)  shows  that  they  go  on 
enlarging  by  further  absorption  and  coales- 
cence, and  that  their  sides  are  thickened 
by  layers  of  new  bone  ;  this  soon  begins  to 
be  deposited,  (fig.  lv.,  b,  b,  in  longitudinal, 
and  lvi.,  a,  in  cross  section)  and  goes  on 
increasing,  (fig.  lve.,  b).     In  the  meantime 
the  cartilage  cells  have  disappeared,  and  the 
bony  cavities  are  filled  with  soft  matter, 
in  which  there  are  a  few  fibres  and  numerous 
granular  corpuscles  resembling  those  seen  in 
the  intramembranous  ossification  (d,  fig. 
lv.)  ;  there  are  also  many  blood-vessels. 
In  the  end,  some  of  the  enlarged  cavities 
and  open  structure  remain  to  form  the 
cancellated  tissue,  but  much  of  this  struc- 
ture is  afterwards  removed  by  absorption, 
to  give  place  to  the  medullary  canal  of 
the  shaft.    Tn  many  of  these  cavities  the 
walls  of  the  coalesced  primary  areola  may 
long  be  distinguished,  like  little  arches, 
forming  by  their  union  a  sort  of  festooned 
outline,  within  which  the  new  bony  lamina 
are  situated. 


Fi2 


OP  A 


LTV  —Small  Portion  , 
Section  similar  to  that  in  Fio. 

LIT.,    MORK   HICUILY  MAGNIFIED 

(about  140  diametkhs). 


a,  b,  two  of  the  new-formed  osse- 
ous tubes  or  areola?,  with  a  few  car- 
tilage cells  and  granular  corpuscles 
lying  in  them  ;  c,  c,  cartilage  cells 
near  the  ossifying  surface,  exhibiting 
the  appearances  described  in  the  text 

has  a  dark  ap^^  cart.lagmous  matrix,  is  decidedly  granular;  and 

quite  tn«8pa5K?;ft;;",^,,enIt  °r  secondar»  deP°8it  on  the  other  hand  is 
begins  to  cSvcr  the  "ram  1 5  '  hom°ec™?U8  asPect-    This  secondary  deposit 

the  surface  of  oJfiffi^^JH  S'10trt  ,distancc  <about  *B*  of  an  inch)  below 
The  lacuna,  first  appea h       diSSf^K**"^'  inCrCaSCS  in  ******  further  iown' 
The  cartilage  cells  do  not  w2 I  ST  "?  none  m  tlle  primar-v  Sranular  bonc- 
fa  no  not  become  calcified.    According  to  H.  Miiller  the  capsules 
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are  opened  by  absorption,  and  the 


Fig.  LV. 


Fig.  LV. — Thin  Longitudinal  Section  of 
toe  Growing  End  of  the  Shaft  of  the 
Metatarsal  Bone  of  a.  Slink  Calf, 
magnified. 

The  upper  part  of  the  figure  shows  four 
groups  of  cartilage  cells,  with  calcified  matrix 
between  them  forming  the  walls  of  four 
primary  areola?  filled  as  yet  by  the  original 
cartilage  cells,  except  at  the  lower  part  where 
these  are  replaced  by  granular  corpuscles. 
Lower  clown  are  two  oblong  spaces  (secondary 
or  medullary  cavities)  ;  one,  indicated  by  d, 
is  nearly  filled  by  granular  corpuscles  and 
vessels,  the  other  is  vacant.    The  walls  of 
these  spaces  are  beginning  to  be  lined  with 
secondary  osseous  deposit,    shown  in  the 
figure  as  a  lighter  layer,  b,  b,  and  6  ;  c,  c, 
and  c,  are  corpuscles  about  to  be  imbedded 
in  the  ossifying  substance  and  inclosed  in 
lamina?  ;  (J,  a  cartilage  cell  of  which  the  body 
has  shrunk  from  the  inside  of  the  capsule. 
After  H.  Miiller  and  Kolliker. 

*  Studier  och  Undersokningar  bfver 


ir  bodies  contained  within  them  (?'.  e. 
the  proper  cell-bodies)  produce  by  fissi- 
parous  multiplication  the  granular  osteo- 
blastic cells  which  succeed  them.  On 
the  other  hand,  Loven*  has  suggested, 
and,  as  I  think,  with  more  probability, 
that  the  osteoblastic  corpuscles  properly 
belong  to  the  vascular  processes  of  the 
subperiosteal  tissue,  which,  as  already 
stated,  penetrate  the  new-formed  bone 
and  spread  throughout  its  cavernulated 
structure.    The  excavation  and  removal 
of  the  cartilage,  as  well  as  the  partial 
absorption  of  the  walls  of  the  bony  cavi- 
ties, is  no  doubt  effected  by  this  tissue, 
and  the  abundant  osteoblastic  cells  which 
appear  in  it  are  most  probably  derived 
by  descent  from  similar  cells  equally 
abundant  beneath  the  periosteum.  The 
cells  or  corpuscles  in  question,  in  what- 
ever way  produced,  are  disposed  in  a  layer 
or  layers  upon  the  walls  of  the  secondary 
or  medullary  spaces,  in  immediate  con- 
tact with  the  new  osteogenic  deposit, 
which  here,  as  in  the  intra-membranous 
ossification,  they  probably  secrete.  Here 
too  the  osteogenic  substance  is  finely 
reticular,  and  retains  that  character  when 
calcified  ;  for  the  secondary  bony  deposit 
is  formed  in  layers  made  up  of  finely 
reticulating  fibres,  like  the  lamellae  of 
perfect  bone  shown  in  fig.  xlv.    On  a 
careful  inspection,  and  with  a  certain 
adjustment  of  the  light,  fine  striae  may 
be  seen  in  many  parts  indicating  the 
obliquely  decussating  fibres  of  the  new- 
formed  laminae.   The  structure  in  some 
measure  reminds  us  of  the  secondary 
deposit  inside  the  oblong  cells  of  the 
wood  of  coniferous  trees,  in  which  the 
ligneous  matter  is  arranged  in  fibres,  or 
rather  in  fine  lines,  running  obliquely 
round  the  wall  of  the  cell  and  crossing 
one  another  in  alternate  layers. 

The  lacunas  are  formed,  as  described 
in  the  intra-membranous  ossification,  by 
some  of  the  granular  corpuscles  becom- 
ing imbedded  in  the  osteogenic  sub- 
stance, and  inclosed  in  a  cavity  formed 
round  them  by  its  further  deposit.  La- 
cunas formed  from  cartilage  cells  exist 
but  very  scantily.  Examples  occur  in 
articular  cartilage,  and  in  that  of  the 
pubic  symphysis,  when,  as  commonly 
happens  in  mature  life,  the  part  of  these 
tissues  adjoining  the  bone  is  encroached 
on  by  a  species  of  ossification,  as  no- 
ticed at  page  xcix.  The  ossifying  pro- 
cess in  this  case  is  mere  calcification  of 
the  cartilage,  and  stellate  lacuna;,  not 
Benviifnaden.    Stockholm.  1863. 
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intercommunicating  by  canaliculi,  remain  in  the  partially  ossified  cells.  When  this 
hard  tissue  is  decalcified  by  an  acid,  the  original  cells  and  cartilaginous  matrix 
become  apparent. 

Fig.  LVI.,  A. 


Fig.  LVI.,  B. 


Fig.  LVI.     A  AND  B  REPRESENT  TWO  TRANSVERSE  SECTIONS  OP  GROWING  BONE    a,  r 
LIIL'  BPT  MU°H  MORE  MAGNIFIED  (ABOUT  120  DIAMETERS)  '  " 

^^X^™^?^  b~  thicicening  of  the 

diately  below  the  surface  of  ossification  B  UlL  5 b?sectlon  18  nmde  almost  imme- 
nse enlarged  and  their  siSs  S  $&T^^>  ^™  ^ 
transparent,  and  appears  light  in  the  fi'nw*    iVr ^  ,  The,  new  osseous  lining  is 

to  opaque  debris,  which  collected therein a dark+found  within  the  areola  is  owing 
noticed  that  the  letter  a  wK,  1.™  I*     SeCtions-    16  must  be  further 

-  -n  accidentally  ^^3^^ 

«SL3S?S^^       ends  of+the  bone> the  " 

dimension.  The  part  alreSv  /  -Same  tmie'  and  increas^  «  every 
medullary  canal,  of  whicWor  °  T  "if"68  alS°  *  ^inference  j  the 
be  excavated  in  the  interior  *?  13  D°  W^ance,  begins  to 

interior  by  absorption,  and  the  sides  of  the  shaft  .acquire 
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compactness  and  solidity.  The  increase  in  girth  is  brought  about  by 
deposition  of  bone  at  the  surface  underneath  the  periosteum.  It  has  been 
sometimes  supposed  that  a  formation  of  cartilage  precedes  the  bone  also  in 

this  situation  ;  but  such  is  not  the  case, 
soft  tissue  in  immediate 


Fig.  LVII. 


Fig.  LVII. — Transverse  Section 
of  Superficial  Part  of  Grow- 
ing Metatarsal  Bone  of  a 
Calf,  magnified  45  diameters 
(from  Kolliker). 
A,   periosteum;    B,  vascular 
soft  tissue  (sub-periosteal  blastema 
of  some  writers);  C,  new  bony 
growth  with  wide  spaces,  «,  a,  a, 
some  being  open  grooves,  others  tu- 
bular, seen  in  cross  section  ;  D,  more 
advanced  and  now  compact  tissue 
of  the  shaft,  with  the  tubular- 
spaces  now  nearly  filled  with  con- 
ceritric  lamelke  leaving  Haversian 
canals,  c,  c,  in  the  centre.  With 
a  higher  magnifying  power,  in  the 
tissue  B  would  be  found  fibres  and 
granular  cells,  and  layers  of  these 
cells    everywhere    covering  the 
osteogenic  deposit  on  the  surface 
of  the  growing  bone,  and  liniug 
the  grooves  and  tubular  spaces. 


for  the  vascular 
contact   with  the  surface   of  the  growing 
bone  is  not  cartilage,  but  a  blastema  con- 
taining fibres  and  granular  corpuscles;  in 
fact,    the    increase   takes  place  by  intra- 
membranous  ossification,  and  accordingly  the 
Haversian  canals  of  the  shaft  are  formed  in 
the  same  way  as  those  of  the  tabular  bones 
of  the  skull,— that  is,  the  css30us  matter  is 
not  only  laid  on  in  strata  parallel  to  the 
surface  of  the  bone,  but  is  deposited  around 
processes  of  the  vascular  membranous  tissue 
which  extend  from  the  surface  obliquely  into 
the  substance  of  the  shaft,  (fig.  lvii.,  a,  a,  in 
transverse  section)  ;  and  the  canals  in  which 
these  vascular  processes  lie,  becoming  nar- 
rowed by  the  deposition  of  concentric  osseous 
laminae,  eventually  remain  as  the  Haversian 
canals  (c,  c). 


That  the  ossification  at  the  periosteal  surface  of 
the  bone  does  not  take  place  in  cartilage,  may  be 
made  apparent  in  the  following  manner.  Strip 
off  the  periosteum  from  a  growing  bone  at  the  end 
of  the  shaft,  and  from  the  adjoining  cartilage 
also,  taking  care  not  to  pull  the  latter  away 
from  the  bone.     A  thin  membranous  layer  will 
still  remain,  passing  from  the  bone  over  the 
cartilage ;  now,  take  a  thin  slice  from  the  surface, 
including  this  membrane  with  a  very  thin  portion 
of  the  subjacent  bone  and  cartilage,  and  examine  it 
with  the  microscope,  scraping  off  the  cartilage 
from  the  inside  if  it  be  too  thick.    It  will  then 
be  seen  that  the  superficial  part  or  shell  of  the 
bone,  if  it  may  be  so  called,  is  prolonged  a  little 
way  over  the  surface  of  the  cartilage  by  means  of  pel- 
lucid, coarsely  reticulated  fibres  of  soft  tissue  (fig.  ltiii.  b,  e)  into  which  the ^  earthy 
depo  it  is  advancing.    These  osteogenic  fibres  are  intermixed  with  granular  corpuscles 
or  cells,  but  form  no  part  of  the  cartilage,  and  they  are  no  doubt  of  the  same 
nature  as  those  seen  in  the  intramembranous  ossification  of  he  skull.    Tbeir  re 
riculations  are  in  most  cases  directed  transversely,  and  sometimes  they  are  little, 
a   all   in  advance  of  the  limit  between  the  bone  and  cartilage.    I  have  observed 
L  structure  here  described  in  several  bones  of  the  (well  advanced)  foetal sheep 
also  in  the  human  scapula,  humerus,  femur,  tibia  and  fibula,  metacarpus  and  m eta- 
tarsus,  and,  as  was  to  be  anticipated,  it  has  since  been  found  m  all  the  long  bones. 

Ossification  having  thus  proceeded  for  some  time  in  the  shaft,  at  length 
begins  in  the  extremities  of  the  bone  from  one  or  more  independent  centres 
and  extends  through  the  cartilage,  leaving,  however,  a  thick  superficial 
layer  of  it  unossified,  which  permanently  covers  the  articular  end  of  the 
bone.  The  epiphyses  thus  formed  continue  long  separated  from  the  shaft 
or  Uaphysis  by  an  intervening  portion  of  cartilage,  which  is  at  last  ossified 
and  theyboneyis  then  consolidated.     The  time  of  final  junction  of  the 
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epiphyses  is  different  in  different  bones  ;  in  many  it  does  not  arrive  until 
the  body  has  reached  its  full  stature.  Meanwhile  the  bone  increases  in 
length  by  the  ossification  continuing  to  extend  into  the  intervening 
cartilage,  which  goes  on  growing  at  the 
same  time  ;   and  it  appears  that  in  the 


i  in 

part  of  the  shaft  already  ossified  little  or  no 
elongation  takes  place  by  interstitial  growth. 
This  is  shown  by  an  experiment  first  made 
by  Dr.  Hales  and  afterwards  by  Duhamel 
and  by  John  Hunter,  in  which  two  or  more 
holes  being  bored  in  the  growing  bone  of  a 
young  animal  at  a  certain  measured  distance 
from  each  other,  they  are  found  after  a  time 
not  to  be  farther  asunder,  although  the 
bone  has  in  the  mean  while  considerably 
increased  in  length.*    In  like  manner  the 
shaft  ^  also   increases   in  circumference  by 
deposition  of  new  bone  on  its  external  sur- 
face, while  at  the  same  time  its  medullary 
canal  is  enlarged  by  absorption  from  within. 
A  ring  of  silver  or  platinum  put  round  the 
wing-bone  of  a   growing  pigeon,  becomes 
covered   with    new    bone    from  without, 
and  the  original  bone  included  within  it 
gets   thinner,  or,  according   to  Duhamel, 
who  first  made  the  experiment,  is  entirely 
removed,   so  that  the  ring  comes  to  lie 
within  the  enlarged  medullary  canal. 


Fig.  LVIII. 


Fig.  LVIII.  —  Subperiosteal 
Later  from  the  Extremity 
op  the  Bony  Shaft  op  the 
Ossifying  Tibia,  as  described 
in  the  text. 

The^  cartilage  and  more  open 
bony  tissue  have  been  scraped  off 
from  the  inside  of  the  crust,  ex- 
cept at  a,  where  a  dark  shade 
indicates  a  few  vertical  osseous 
areolae  out  of  focus  and  indistinctly 
seen.  The  part  a,  b,  of  the  crust 
w  ossified,  and  of  granular  aspect : 
between  6  and  c  are  the  clearreticu- 
lated  fibres  into  which  the  earthy 
deposit  is  advancing.  Magnified 
150  diameters. 


Madder  given  to  an  animal  along  with  its 
food,  tinges  the  earth  of  bone,  which,  acting  as  a 
sort  of  mordant,  unites  with  and  fixes  the  colour- 
ing matter.  Now,  that  part  of  the  bone  which 
is  most  recently  formed,  and  especially  that  part 
which  is  actually  deposited  during  the  admi- 
nistration of  the  madder,  is  tinged  both  more 
speedily  and  more  deeply  than  the  older  part  • 
and  as  in  this  way  the  new  osseous  growth 
can  be  readily  distinguished  from  the  old  ad- 
vantage  was  taken  of  the  fact  by  Duhamel 

and  afterwards  by  Hunter,  in  their  inquiries  «  to  ffc„  •  . 

increase  in  size.    By  their  experiments i   was  shown  toJFS™  b°neS 
to  a  young  pig  for  8ome  Jek    th    external  ™,rt  <If^?f   v    ma.dder  is 
^iJ^^i^i^new0^n!t^^A^t  .t  ltSfb0nePs  3  deePly  red- 

aW  the  red  one,  whilst  theW^trt, 

m.  ^^S'A^^  J"  Mem.  de  1'Acad.  des  Sc.  1743  et 
ledge,  vol.  ii.  ;  also  Catalogue  of  jwt  ?    '  «  S°C-  for  of  Med-  and  Chir  Know 

from  some  of  his  experiments  to  iSer  hT  ^f^-'  ?°l  1  *  249-  Duhami 1  was  led 
ends;  ^ihereiMmm^^^^^^^  elongation  took  place  So 
these  cases.  Both  Hales  and  Duhamel  V.    P     86  .c,rcumsti^es  of  the  experiments  in 
observed  that  the  addition  o new  bo  TEFSft  ™  the  ^owing  "bia  o'f  aSen 
Hun.pi.ry  has  found  that  in  the  femur  Z  Z  ■ fireftter  at  the  UPP«"  end.  Dr 

humerus  at  the  upper  end  of  the  sZtt (Medf ObS SanV^fxliJ  ^  in  th° 
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and  had  been  formed  before  any  madder  was  given,  had  become  much  thinner; 
showing  that  absorption  takes  place  from  within.    In  this  last  modification  of  the 
experiment  also,  as  noted  by  Mr.  Hunter,  a  transverse  red  mark  is  observed  near  the 
enas  of  the  bone,  beyond  which  they  are  white;  the  red  part,  indicating  the  growth 
in  length  during  the  use  of  the  madder,  and  the  white  beyond,  that  which  has  taken 
place  subsequently-thus  showing  that  the  increase  in  length  is  caused  by  he 
addition  of  new  matter  to  the  extremities*.  But  other  changes  take  place  m  he 
bone     The  spaces  in  the  cancellated  structure  become  enlarged,  as  well  as  the 
medullary  canal,  by  absorption;  whilst  in  other  parts  the  tissue  becomes  more ^ com- 
pact by  farther  deposit  on  the  inner  surface  of  the  vascular  cavities.    The  sides  of  the 
shaft  in  particular  acquire  greater  solidity  by  the  narrowing  of  the  Haversian  canals 
within  which  the  vascular  membrane  continues  to  deposit  fresh  layers  of  bone;  and 
madder  administered  while  this  process  is  going  on,  colours  the  interior  ^recently- 
formed  lamina,  so  that  in  a  cross  section  the  Haversum  ape rtureS_ appear  «™undej 
with  a  red  ring.    Lastly,  Tomes  and  De  Morgan  have  shown  that  in  bones  which 
hate  acquired  fheir  fulUize,  a  production  of  new  systems  of  Haversian  lamella*  con- 
tinues throughout  life,  as  described  at  page  xcm. 

From  the  foregoing  account  it  is  evident  that  a  great  portion  of  a  long  bone  is 
formed  independently  of  cartilage.  Those  physiologists,  therefore,  appear  to  have 
reason  on  their  side,  who  consider  the  pre-existence  of  that  tissue  as  not  being  a 
necessary  condition  'of  the  ossific  process,  and  who  regard  the  precursory  carti  age  of 
thp  fatal  skeleton  in  the  light  of  a  temporary  substitute  for  bone  and  also  as 
XdLg  as  Vt  were  a  mould6  of  definite  figure  and  of  soft  but  yet  sufficiently  con- 
sent material  in  which  the  osseous  tissue  may  be  at  first  de  posited  and  assume  a 
anitnhlo  form  In  fact  the  cartilage-cells  are  not  ossified,  and,  as  to  the  slender  wans 
of  the Primary  areoll  formed  by  calcification  of  the  intercellular  cartilaginous 
matrix  moTt  of  tu  rn  "e,  in  a  long" bone,  swept  away  by  absorption, in  the  excavation 
of  the  medullary  canal ;  so  that  they  can  only  remain- coated,  however,  ^obscured 
by  s^darjf  laminated  deposit-in  the  cancellar  structure  of  bones  which  begin  to 

^**£WLmm*  of  ossification  in  the  different  bones,  as  well^the 
number  and  mode  of  conjunction  of  their  bony  nuclei,  ™  "J^^^^ 

in  their  soft  or  cartilaginous  state.  ^^^rJ^'TtE  MteT^nfr 
SntyollK 

In  regard  to  the  number  and  arrangement  of  the  nnilei,  tte  loiwwi  gi g  dd- 
may  belted         In  the  long  bones  ^^^^1 
and  the  ends  are  for  the  most  part  oss  ^ed  from  sepa  ra  tonne  lei  i 
cartilage  remains  interposed  until  the  bone  ha s  near y  attame ^ta  lu        Sd  M 
jfi^WfSS^  r  Th?^^m=d  cavities  of  the 

.ZtSlSeK^ 

18fNesbitt,  in  1736,  maintained  that  the  cartila* ,is  << ZttlX^V^ 
fori  considered  it  to  be  a  mere  temporary  subset ^ 'a^/ofThe  Microscope  were  un- 
infracavtilaginous  ossification  as  now  *^J^er  with  most  of  the  facts  adduced  in 
known  to  him.    The  v.eWstated  in  the ext.  toget! her  w  j  18W   but>  notwllh- 

support  of  it,  was  published  in  the  fifth  edition  ot  t  ^  u 

commonly  ascribed. 
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skeleton  are  for  the  most  part  formed  by  the  junction  of  two,  but  more  generally  of 
three  or  more  nuclei  round  the  aperture  or  included  space.  The  vertebral  rini  the 
acetabulum  the  occipital  foramen,  and  the  cranium  itself,  are  illustrations  of  thk 
is  easy  to  conceive  that  in  this  way  the  ready  and  equable  enlargement  of  such 
cavities  and  apertures  is  provided  for.  3.  Bones  of  a  complex  figure,  like  the  ver 
tebne,  have  usually  many  nuclei;  but  the  converse  is  not  always  true.    4  We  Sn 

SiT^*  Tin!Ct  r  DUmbv.er  °f  DUdei  With  the  PrinciPle  of  uniformity  of  type  ™ 
Si  1  n  f  ™rtebrated  animals  is  constructed.    Thus  the  typical  form  of 

the  sternum  seems  to  be  that  of  a  series  of  distinct  bones,  one  placed  betweenTach 
pazr  of  ribs  in  front,  as  the  vertebra  are  behind,  and  this  is  its  permanent  condition 

Sn  Z^S      «Jn<        ^  C°f°rmS  t0  thG  archGt^e  in  itainodeTf  fomaS^ 

Pkees  but  to  suTt  th,  Zm  T?  TtieS'  a,nd  f°r  8°me  time  consists  of  se^ra 
S '  but'  t0  sulfc3  the,  fabric  of  the  human  thorax,  these  at  last  coalesce  one  with 
another,  and  are  reduced  in  number  to  three.  ^<ue»ce  one  wnn 

«,fVhie  reUDir  °f  fractured  bones>  osseous  matter  is  formed  between  and  around 

as  6nd8'  C°nneCting  them  6rm1^  toSether  ■  «*d  -'hen  a  portion  of  hone dies 

o   lesfex  en?  andT;  S  T  ^  ™*  takes  ^  *>  »  fiW 

ZJTr  J™  "  *e  dead  part  is  thrown  off.    The  several  steps  of  the  process  of 

restoration  in  these  instances  are  so  fully  described  in  works  on  Surgical  PaSoloev 

XL'LT^1"  t0       t0       l6ngth  °f  thl3  ^  b*  -trod/cing  an  accoS 


MUSCULAR  TISSUE. 


The  muscular  tissue  is  that  by  means  of  which  the  active  movements  of 

comprehending  thosn  r>f  i^™^-  •     .  ^        s  ot  muscles, 

others,  are  excited  bv  th«  ^T*10^  ^espxration,  expression,   and  some 

through  th    ntves  7  the   "ar  "th    T  ***  aCti^  °*  them 

although  some  Jth^m  rabituallf "  rn11^^-  "  VoIuut^  ^-les," 
dienceto  other  st muT  Ther ^1  other  ^  T^^'  &Ct  als0  <>be- 
are  entirely  withdrawn  from  +    ,  °r  ffiuscular  fibres  which 

These  two  class^f  ^  "involuntary." 

are  excited  to  act  but  Z  ♦       ^  ^  ^  iu  the  mode  in  ^  they 

ters  ;  and  on  tht'  account  w!  S^""  ^  char^ 

separately.  WG  ShaU  COnside1,  the  structure  of  each  class 

Of  the  structure  of  voluntary  muscles  —Th„  ™i  + 
are  for  the  most  part  gathered  inT  !    I    T      vol™tary  muscular  fibres 
sizes  and  shapes  but  moTr  In     u      ?  tmC'  maSSeS  0r  musclea  °*  various 
tendons  at  ei£  e^S^L*  0,1  ^  Md  fu™ished  ^ 

The  two  attached  eXemit^  of  f  ^  t0  the  b°ne3' 

scriptions,  its  origin  and  Ssertion  th^f  ar<?amed>  in  anatomical  de- 
to  the  attachment  which  bl^^^T™  *f?  ""^  appHed 

cannot  be  always  applied  Sli       J0  be  m°st  fixed>  though  the  rule 
which  in  some  cases^s  SerrUnt  ^  ■    ^  ^  ^  18  named  tho  beI1^ 
a  tendon,  and  then  the  mn.T     m  • ,     middle  or  divided  into  *wo  by 
the  muscle  I8  said  to  be  biventral  or  digastric  ;  on 
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the  other  hand  it  may  be  cleft  at  one  end  into  two  or  three  portions,  in 
■which  case  it  is  named  bicipital  or  tricipital. 

Fig.  L1X.  Fig-  LX. 


Fie   LIX  —A,  Small  Portion  op  Muscle,  natural  size;  B,  the  same  magnified 

5  DIAMETERS,  CONSISTING  OP  LARGER  AND  SMALLER  FASCICULI,  SEEN  IN  A  TRANSVERSE 

Section. 

Fig   LX  -A  few  Muscular  Fibres,  being  part  op  a  small  Fasciculus,  highly 
magnified,  showing  the  Transverse  Strijs. 
a,  end  view  of  b,  b,  fibres  ;  c,  a  fibre  split  into  its  fibrils. 

The  muscular  fibres  are  collected  into  packets  or  bundles,  of  greater  or 
less  thickness,  named  fasciculi  or  lacerti  (fig.  lix),  and  the  fibres  themselves 
consist  of  much  finer  threads,  visible  by  the  aid  of  the  microscope,  which 
are  termed  muscular  filaments,  fibrilte  or  fibrils  (fig.  lx.,  c).  The  fibrils 
run  parallel  with  each  other  in  the  fibres,  and  the  fibres  are  parallel  in  the 
fasciculi  and  the  fasciculi  extend  continuously  from  one  terminal  tendon  to  the 
other,  unless  in  those  instances,  like  the  rectus  muscle  of  the  abdomen 
and  the  digastric  of  the  inferior  maxilla,  in  which  the  fleshy  part  is  inter- 
rupted by  interposed  tendinous  tissue.  The  fasciculi  also  very  generally 
run  parallel,  and  although  in  many  instances  they  converge  towards  their 
Lndinous  attachment  with  various  degrees  of  inclination,  yet  m  the  volun- 
tary muscles  they  do  not  interlace  with  one  another. 

Sheath.-Au  outward  investment  or  sheath  of  areolar  tissue  (^mes 
named  perimysium)  surrounds  the  entire  muscle,  and  sends  parti  ions  m- 
waTds  between  the  fasciculi  ;  furnishing  to  each  of  them  a  special  sheath. 
£    areolar  tissue  extends  also  between  the  fibres   but  doe. ,  not ^afford  t 
each  a  continuous  investment,  and  therefore  cannot  be  said  t form ^sheath 
for  them.    Every  fibre,  it  is  true,  has  a  tubular  sheath  ;  but  this,  a*  will 
be  afterwards  explained,  is  not  derived  from  the  areolar  tissue     The  tissue 
of  the  sheath  is  composed  of  elastic  (yellow)  as  well  as  of  white  fibres  ;  but 
the  elastic  element  is  found  principally  in  its  investing  as  distmgu  shed 
from  its  penetrating)  portion.    The  chief  uses  of  the  areolar  tissue  are  to 
connect  the  fibres  and  fasciculi  together,  and  to  conduct  and  support  th 
bloodvessels  and  nerves  in  their  ramifications  between  these  parts.  The 
relation  of  these  different  subdivisions  of  a  muscle  to  each  other,  as  wel 
as  the  shape  of  the  fasciculi  and  fibres,  is  well  shown  by  a  transverse 
section  (figs.  ilx.  and  ix.). 
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Section  IV.— ANGEIOLOGY. 

Under  the  name  of  Angeiologyis  included  the  descriptive  anatomy  of  the 
vascular  system,  consisting  of  the  heart,  blood-vessels  and  absorbents.  The 
heart  is  the  central  organ  of  the  circulation,  and  although  presenting  a  com- 
plex structure  and  mechanism,  may  be  regarded,  when  viewed  with  reference 
to  its  development,  as  a  curved  and  greatly  altered  blood-vessel.  The 
blood-vessels  are  of  three  kinds— viz.,  the  arteries,  or  ramifying  vessels  which 
distribute  the  blood  from  the  heart ;  the  capillaries,  or  network  of  simple 
walled  microscopic  vessels,  in  which  the  blood  is  diffused  through  the 
tissues  ;  and  the  veins,  or  vessels  by  which  the  blood  is  returned  to  the 
heart.     The  absorbents  are  the  small  and  delicate  vessels  which  convey  into 
the  circulation  fluid  material  capable  of  being  converted  into  blood,  whether 
derived  directly  from  the  food  digested  in  the  alimentary  canal,  or  returned 
from  the  tissues  in  which  it  has  already  played  some  part  in  the  nutritive 
processes. 

The  double  circulation. —In  the  systemic  circulation  the  blood  is  conveyed 
from  the  left  ventricle  of  the  heart  by  the  arteries  to  every  part  of  the  body 
and  having  parted  in  the  capillaries  with  a  portion  of  its  ingredients,  and 
undergone  changes^  which  render  its  purification  necessary,  it  is  returned  by 

whickT U°  ^  t d?  °f  the  heart'  wWch  is  distinct  from  that  from 
swf  of  f  1  T  >  ^  df  k-C0l0ured  blood  thus  brought  back  to  the  right 
nrone^L  tL  'ari  «  COmucted  ^ugh  the  pulmonary  circulation,  bemg 
propelled  through  the  pulmonary  artery  by  the  right  ventricle,  undergoing 

Z  atl  "^f  *  PTSS  f  ?llrificatioil>  ™  ^hich  it  receives  oxygen  from  the 
an-  and  parts  Wlth  carbonic         ^  ^ 

pulmonary  veins,  again  to  enter  the  systemic  circulation.  7 

THE  HEART. 

RELATION-  TO  SURROUNDING  PARTS. 

witl^!6?  18  S?Ua!!d  *?e  th0rax'  between  the  Img",  and,  toother 
with  the  adjacent  parts  of  the  great  vessels  which  convey  blood  to  and  from 

THE  MEDIASTINUM. 

inv^ted^h  Tt^^r1^  b7  ft  1UDgS'  "*  °f  *» 
a  visceral  portion,  ^^^^t^T*  ^  a  Parietal  and 

passing  on  the  surface  of  Z  T     ^  °ne  P°rtion  to  the  other  by 

parts  of  the^rf^^^^^  ™*  PosterioJ 
enclosed  in  the  pericardium  i  «t    ♦  the  lmi*     Tbus  th«  ^art, 

sacs,  and  betwee^the  5aZ' 0  f  beWeen  tbe  *ght  <H  left  pleural 

united  portions  of  the  right  and  left  ^^^^  S6ptUm  fOTmed  by  th° 

sue  ana  left  pleune,  and  known  as  the  mediastinum. 
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Pig.  224. -General  View  of  the  Principal  Organs  of  Circulation,  from  defore 

AND  FROM  THE  RIOHT  SIDE  IN  A  MALE  ADULT.  £ 

i.fft3*i  aU  tC1<7  B', left  aurjcular  appendix  ;  C,  right  ventricle;  D,  small  part  of  tie 
}f  t™£,d?l  J>  P  a°ed  0n  the  first  Part  of  the  aorti*  ^ch;  and  on  the  descending  aorta! 
to  thl 11  I"  p"lmona7  ar*ery  ? mdlDg  int0  its  ri-ht  and  leffc  Ranches,  and  connected 
SvikS  C  arteriosus;  Hf,  vena  cava  superior ;  IV,  vena 

ar4£a°,f1SlrSr1and  r!ght  ca™*idi:i'.>ft  carotid;  2,  right  and  left  subclavian 
arteiies  ,8 ,  intercostal  vessels  marked  only  in  three  spaces;  4,  above  this  figure  the 
inferior  diaphragmatic  arteries,  below  it  the  cceliac  axis  and  superior  inesenterie^ry  • 

5e2aS^4?faSSrtb"  SP6matiC  art6rieS'  Md  bd0w  itthe  S3t 

mesenteric ,  6 ,  the  farther  course  of  the  spermatic  vessels,  on  the  right  side  thev  are 

seen  to  pass  through  the  outer  abdominal  ring  before  descending  to  the  test  s    7  Kfit 

and  left  common  iliac  arteries  ;  8,  8',  external  iliac  arteries;  9,  Sid  ? 

cumflex  iliac  arteries  of  the  left  side ;  10,  10',  internal  iliac  arteries ;  and  Seen  these 

juiuiug  ine  external  jugular  ;  e,  azygos  vein  passing  over  the  root  of  the  nVhf  lnn».  -f 
veins,  to  the  sides  are  seen  the  kidneys  and  the  suprarenal  bodies  •  r/  ril  !"  Zrl 
Sl^Tl^ST'  *  the,  ^  joinin/tbe'lefi  SSfal*  f  ™ 
side.        '    '   '  lhaC  Yem3;  *>  femoralTeins;  Z,  saphenous  vein  of  the  right 

The  part  of  this  septum  behind  the  pericardium  is  distin  wished  as  the 
posUwr  jnedUstiM^;  it  is  in  front  of  the  bodies  of  the  ^rtSL  and 

cTete^ta^ftr  ^  ^  ^  the  ^Jc  dS,  the 

descending  aorta,  the  vena  azygos,  and  the  pneumogastric  nerves,  with  lym- 

Jven  toethe  l"    are°lar  ihr-     ^  middh  -  the  naTe 

fontents  Th  T/  T^'  ^  *  °CCUpied  ^  ^  P--ardium  and  its 
and of  HttlJ^  5  TT  mediastmum>  *  *ont  of  the  pericardium,  is  narrow 
and  of  httle  depth  ;  but  a  Jcnowledge  of  its  situation  is  important  to  the  pby- 

Pig.  225. — A  Diagrammatic 
Representation  of  the 
Heart  and  Great  Ves- 
sels  IN   CONNECTION  WITH 

the  Lraas.  £ 

The  pericardium  has  been 
removed,  and  the  lungs  are 
turned  aside.     1,  right  au- 
ricle ;  2,  vena  cava  superior ; 
3,  vena  cava  inferior ;  4,  right 
ventricle  ;  5,  stem  of  the  pul- 
monary artery;  a,  a,  its  right 
and  left  branches;    C,  left 
auricular  appendage;  7,  left 
ventricle;   8,  aorta;  9,  10 
two  lobes  of  the  left  lung,' 
11,  12,  13,  three  lobes  of  the 
right  lung  ;  6,  b,  right  and 
left  bronchi  ;  v,  v,  right  and 
left  upper  pulmonary  veins, 

sician,  as  it  is  connected 

with  the  position  of  the 

anterior  margins  of  the 

lungs  relatively  to  the  heart  •  it  5+«  „ 

aeart .  at  its  superior  part  a  small  interval  is  left 

x  2 


Fig.  225. 
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between  the  two  layers  of  pleura  which  bound  it,  and  in  this  are  contained 
the  vestiges  of  the  thymus  gland  ;  behind  the  second  piece  of  the  sternum 
the  pleura  of  opposite  sides  come  into  contact,  and  the  anterior  mediastinum 
is  reduced  to  a  thin  septum ;  while  lower  down  it  is  inclined  to  the  left,  and 
widened  out  into  an  angular  space  of  some  breadth,  by  the  margin  of  the 
left  pleura  receding  from  the  sternum  :  opposite  the  lower  part  of  this  space 
the  apex  of  the  heart  is  situated,  and  in  front  of  it  is  placed  the  triangularis 
sterni  muscle. 

THE  PERICARDIUM. 

This  membranous  bag,  in  which  the  heart  is  contained,  is  of  a  somewhat 
conical  shape,  its  base  being  attached  below  to  the  upper  surface  of  the 
diaphragm,  whilst  the  apex,  or  narrower  part,  surrounds  the  great  vessels 
which  spring  from  the  cavities  of  the  heart,  as  far  as  their  first  subdivisions. 
It  consists  of  two  layers,  one  external  and  fibrous,  the  other  internal  and 
serous. 

The  fibrous  layer  is  a  dense,  thick  and  unyielding  membrane,  consisting 
of  fibres  which  interlace  in  every  direction.  At  the  base  of  the  pericardium 
these  fibres  are  firmly  attached  to  those  of  the  central  aponeurosis  of  the 
diaphragm  ;  and  above,  where  the  pericardium  embraces  the  large  blood- 
vessels, °the  fibrous  layer  is  continued  on  their  surface  in  the  form  of  tubular 
prolongations,  which  become  gradually  lost  upon  their  external  coats.  The 
superior  vena  cava,  the  four  pulmonary  veins,  the  aorta,  and  the  right  and 
left  divisions  of  the  pulmonary  artery,  in  all  eight  vessels,  receive  pro- 
longations of  this  kind. 

The  serous  layer  not  only  lines  the  fibrous  layer  of  the  pericardium  and 
the  part  of  the  diaphragm  to  which  that  layer  is  attached,  but  like  other 
serous  membranes,  is  reflected  on  the  surface  of  the  viscus  which  it  invests. 
It  has,  therefore,  a  visceral  and  a  parietal  portion.    The  parietal  portion 
adheres  firmly  by  its  outer  surface  to  the  fibrous  membrane,  and  becomes 
continuous  with  the  visceral  portion  upon  the  arch  of  the  aorta  and  other 
great  vessels,  about  two  or  two  and  a  half  inches  from  the  base  of  the  heart. 
In  passing  round  the  aorta  and  pulmonary  artery,  it  encloses  both  those 
vessels  in  a  single  short  tubular  sheath.    It  is  reflected  also  upon  the 
superior  vena  cava  and  on  the  four  pulmonary  veins,  and  forms  a  deep 
recess  or  prolonged  cavity  between  the  entrance  of  the  right  and  left  veins 
into  the  left  auricle.    The  inferior  vena  cava  receives  only  a  very  scanty 
covering  of  this  membrane,  inasmuch  as  that  vessel  enters  the  right  auricle 
almost  immediately  after  passing  through  the  diaphragm,  and  is  only 
partially  surrounded  by  a  reflection  •  of  the  pericardium  in  the  narrow 
interval  between  these  parts.     None  of  the  vessels,  indeed,  joining  the 
heart,  with  the  exception  of  the  aorta  and  pulmonary  artery  where  they  are 
united  together,  receive  a  complete  covering  from  the  pericardium,  or  can 
be  said  to  pass  entirely  through  the  sac:  portions  only  of  the  membrane  are 
inflected  round  them  more  or  less  fully. 

On  separating  the  left  pulmonary  artery  and  subjacent  pulmonary  vein,  a  fold  of 
the  pericardium  will  be  seen  between  them,  which  has  been  termed  by  Marshall  the 
"vestigial  fold  of  the  pericardium."  It  is  formed  by  a  duphcature  of  the  seious 
membrane,  including  areolar  and  fatty  tissue,  together  with  some  fibrous .bands, 
blood-vessels,  and  nerves.  It  is  from  half  to  three-quarters  of  an  inch  in  length ,  an d 
fZ  a  half  to  one  inch  deep.  Above  the  pulmonary  artery  it  blends  With  he  pen- 
cardium,  and  passes  onwards  to  the  left  superior  intercostal  vein.  Below,  t  is  lost, 
on  he  ide  of  the  left  auricle,  in  a  narrow  streak  which  crosses  round  the  lower  left 
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Fig.  226.— Semi-diagrammatic  View  of  the  Pericardium  from  behind,  designed 

TO    SHOW    THE    PRINCIPAL    INFLECTIONS    OF    THE    SEROUS    SAC    ROUND    THE  GREAT 

Vessels.  £ 

TtH,drca,Y^gu  is-  take.n  from  a  Preparation  in  which  the  heart  and  vessels  had  been 
Partially  filled  by  injection,  the  pericardium  inflated  and  dried  in  the  distended  state,  and 
the  nbrous  continuation  on  the  vessels  removed.  By  the  removal  of  a  portion  of  the 
pericardium  from  behind  the  right  and  left  cavities  of  the  heart,  the  position  of  that 
organ  is  made  apparent.  A  bent  probe  is  passed  within  the  pericardium  from  behind 
tbe  right  auricle  in  front  of  the  vena  cava  inferior  to  the  back  of  the  left  ventricle  which 
may  indicate  the  place  where  the  large  undivided  sac  of  the  pericardium  is  folded  round 
that  vein.  A  posterior  surface  of  the  right  auricle;  A',  the  same  of  the  left;  V,  ri-ht 
ventricle  ;  V  left  ventricle  ;  Ao,  the  upper  and  back  part  of  the  aortic  arch  ;  L  innomi- 
nate artery  ;  C  vena  cava  superior  ;  az,  azygos  vein  ;  C,  vena  cava  inferior  between  the 
diaphragm  and  its  union  with  the  right  auricle;  c",  great  coronary  vein  ;  +J  cord  of  t  o 
ductus  arteriosus;  P,  the  right,  P',  the  left  pulmonary  artery  ;  p,  the  right,  7 h left 
pulmonary  veins  ;  D,  the  back  of  the  central  tendon  of  the  diaVgmf  1  Te  grelt 
undivided  sac  of  the  pencardium  proceeding  from  before  backwards  towards  it  inflections 
round  the  vessels ;  2,  portion  of  this  on  the  right  side  which  partially  surrounds  the  vena 
cava  superior  the  upper  and  lower  right  pulmonary  veins,  and  the  vena  cava  inferior  3 
the  portion  of  the  left  side  which  partially  surrounds  the  vena  cava  inferior    4  'the 

Sirorth'tealtft^ntT11'  by.Marshfn'  t0  bc  »  vestige  of  the  cardiac  termi- 
^0™hed^  existing  in  early  embryonic  life.  (Marshall, 

Trans  185  7  lCtl    See  hfr^r  "Jf  T  VciQ8  iu  Maa  aad  M^^alia,»  Philosoph 
irans.  I80U.    1  ait  1.   bee  hereafter  the  figures  of  the  coronary  vein.) 
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EXTERNAL  FORM  OF  THE  HEART. 

The  heart  is  a  hollow  muscular  organ,  divided  by  a  longitudinal  septum 
into  a  right  and  left  half,  each  of  which  is  again  subdivided  by  a  transverse 
constriction  into  two  compartments,  communicating  with  each  other,  and 
named  auricle  and  ventricle.  Its  general  form  is  that  of  a  blunt  cone,  flattened 
on  its  under  surface.  The  broader  end  or  base,  by  which  it  is  attached,  is 
directed  upwards,  backwards,  and  to  the  right,  aud  extends  from  the  level 
of  the  fourth  to  that  of  the  eighth  dorsal  vertebra.  The  apex  is  turned 
downwards,  forwards,  and  to  the  left,  and  corresponds  in  the  dead  body  with 
the  cartilage  of  the  sixth  rib.  In  the  living  subject  its  stroke  against  the 
walls  of  the  chest  is  felt  in  the  space  between  the  cartilages  of  the  fifth  and 
sixth  ribs,  a  little  below  and  within  the  left  mammilla.  The  heart,  there- 
fore, has  an  oblique  position  in  the  chest,  and  besides  this  is  nonsymmetrically 
placed,  as  it  projects  farther  into  the  left  than  into  the  right  half  of  the 
thoracic  cavity,  passing  on  an  average  about  an  inch  or  an  inch  and  a  half 
beyond  the  middle  line  in  the  one  direction,  and  upwards  of  three  inches 
in  the  other.  Its  position  is  affected  more  or  less  by  that  of  the  body  ; 
thus  it  comes  more  extensively  into  contact  with  the  anterior  walls  of  the 

Pi".  227.  Fig-  227.  —  View  op  the  Heart  and 

Great  Vessels  from  before  (from  E. 
Quaiu).  J 

The  pulmonary  artery  has  been  cut  short 
close  to  its  origin  in  order  to  show  the  first 
part  of  the  aorta.  1,  anterior  part  of  the 
right  ventricle ;  2,  left  ventricle ;  3,  root  of 
the  pulmonary  artery  ;  4,  ascending  part  of 
the  arch  of  the  aorta ;  4',  the  posterior  or 
descending  part  of  the  arch  ;  between  these 
is  seen  the  transverse  or  middle  part  from 
which  the  brachio-cephalic  arteries  take  their 
origin ;  4",  the  descending  thoracic  aorta  ; 
5,  the  appendix  and  anterior  part  of  the 
right  auricle  ;  6,  those  of  the  left  auricle  ; 
7,  the  right,  and  7',  left  innominate  or 
brachio-cephalic  veins  joining  to  form  the 
vena  cava  superior  ;  8,  the  inferior  vena 
cava  below  the  diaphragm  ;  9,  one  of  the 
large  hepatic  veins  ;  + ,  placed  in  the  right 
auriculo-ventricular  groove,  points  to  the 
right  or  posterior  coronary  artery  ;  +  +, 
placed  in  the  anterior  inter-ventricular 
groove,  points  to  the  left  or  anterior  coronary 
artery. 

chest  when  the  body  is  in  the  prone 
posture  or  lying  on  the  left  side. 
In  inspiration,  on  the  other  hand, 
when  the  diaphragm  sinks  and  the 
lungs  expand,  its  apex  is  withdrawn 
from  the  thoracic  parietes. 
At  its  base  the  heart  is  directly  attached  to  the  great  blood-vessels,  and 
it  is  also  connected  with  them  by  the  serous  layer  of  the  pericardium, 
which  passes  from  the  one  to  the  other.    In  the  remainder  of  its  extent  the 
heart  is  entirely  free,  and  movable  within  the  sac  of  the  pericardium.  The 
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anterior  surface  is  convex  in  its  general  form  ;  it  is  turned  upwards  as  well 
as  forwards,  and  is  directed  towards  the  sternum  and  costal  cartilages  : 
from  these,  however,  it  is  partly  separated  by  the  lungs,  the  forepart  of 
these  organs  advancing  over  it  to  some  extent,  and  encroaching  still  farther 
during  inspiration,  so  as  in  that  condition  to  leave  usually  not  more  than 
two  inches  square  uncovered.  The  posterior,  which  is  also  the  under  surface, 
is  flattened,  and  rests  on  the  diaphragm.  Of  the  two  borders  or  margins 
formed  by  the  meeting  of  the  anterior  and  posterior  surfaces,  the  right  or 
lower  border,  called  margo  acutus,  is  comparatively  thin,  and  is  longer  than 
the  upper  or  left  border,  which  is  more  rounded  and  is  named  margo 
obtusus. 

A  deep  transverse  groove,  the  auriculo-vmtricular  furrow,  interrupted  in 
front  by  the  root  of  the  pulmonary  artery,  divides  the  heart  into  the 
auricular  and  the  ventricular  portions  ;  and  on  the  ventricular  portion  two 
longitudinal  furrows  indicate  the  position  of  the  anterior  and  posterior 
borders  of  the  septum  which  divides  one  chamber  from  the  other. 


Fig.  228. 


Fig.  228.  —  View  op  the 
Heart  and  Great  Vessels 
trom  behind  (from  R.  Quain). 

1,  posterior  surface  of  the 
right  ventricle  ;  2,  the  same  of 
the  left ;  3,  placed  on  the  back 
of  the  right  pulmonary  artery 
near  the  division  of  the  primary 
trunk ;   3',   branches   of  the 
right  pulmonary  artery  passing 
into  the  root  of  the  right  lung; 
3",  the  same  of  the  left;  4', 
back  part  of  the  arch  of  the 
aorta;  4",  descending  thoracic 
aorta ;   5,  part  of  the  right 
auricle  ;  6,  is  place.d  on  the 
division  between  the  right  and 
left  auricles  ;  7,  superior  vena 
cava ;  7',  left  vena  innominata ; 
8,  trunk  of  the  inferior  vena 
cava;  9,  right  large  hepatic 
vein;  10,  11,  12,  right  pul- 
monary veins ;    13,  14,  left 
pulmonary  veins  ;  +,+,  pos- 
terior branches  of  the  right  and 
left  coronary  arteries. 


The  auricular  portion,  situated  above  and  behind  the  transverse  furrow  is 
thm  and  flaccid  and  is  immediately  connected  with  the  great  vein™'  £ 
divided  by  an  internal  septum  into  two  distinct  cavities,  which  have  received 

Provided  w*h »  nS  Td  Mt  CmTideS>  fr°m  the  ""^oe  that  eacht 
provided  with  an  appendage  somewhat  resembling  the  ear  of  a  do*  The 

ventricular  portion,  placed  below  and  in  front  of  the  transverse  ^oove  is 

somewha   corneal,  flattened  on  its  posterior  or  under  surfTce  has  vdhick 

SS^otfSlV  •  ^  7"  l6ft  Chamber'  SitUated  011° 

the  ventricular  'portion  1^  ^  &°m  **  h™  °f 

other  a  little  to  the  rMi  0f  te  1 *     ?  T   T  T^™™  °U°  the 

wall  of  the  left  ventricle     TL  ?2      ,  entil'dy  hy  the 

unue.     ±ne  anterior  longttudmal  furrow  is  nearer  to 
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the  left  border,  whilst  the  posterior  furrow  approaches  nearer  to  the  right 
border  of  the  heart,  the  right  ventricle  forming  more  of  the  anterior,  and 
the  left  more  of  the  posterior  surface  of  the  organ.  Withiu  the  transverse 
and  longitudinal  furrows  are  placed  the  proper  nutrient  vessels  of  the  heart, 
the  coronary  or  cardiac  arteries  and  veins,  with  the  lymphatic  vessels  and 
nerves  imbedded  in  fatty  and  connective  tissue. 


INTERIOR  OF  THE  HEART. 

General  description. — Considered  in  respecb  of  function,  the  heart  is  a 
double  organ,  composed  of  a  right  and  a  left  part,  each  consisting  of  an 
auricle  and  a  ventricle.  The  right  portion  receives  into  its  auricle  from 
the  two  venae  cavse  and  coronary  veins  the  dark  venous  blood  returning 
from  the  various  parts  of  the  body  and  from  the  heart  itself,  and,  by  means 
of  its  ventricle,  propels  that  blood  through  the  pulmonary  artery  into  the 
lungs.  The  red  blood  returning  from  the  lungs  by  the  pulmonary  veins, 
reaches  the  left  auricle  of  the  heart,  and  is  forced  onwards  by  the  left 
ventricle,  through  the  aorta  and  its  branches  into  every  part  of  the  body. 
The  right  and  left  divisions  of  the  heart  present  in  various  respects  a 
similar  anatomical  structure,  and  the  features  which  are  common  to  both 
may  here  be  shortly  referred  to  before  passing  to  those  which  are  peculiar  to 
one  auricle  or  ventricle. 

Endocardium. — The  interior  of  the  whole  heart  is  invested  with  a  lining 
membrane,  similar  in  general  appearance  to  the  visceral  layer  of  peri- 
cardium which  covers  the  exterior,  but  belonging  to  the  class  of  vascular 
lining  membranes,  and  continuous  with  that  of  the  blood-vessels.  This 
internal  lining,  or  endocardium,  is  a  thin  transparent  membrane,  differ- 
ing slightly  on  the  two  sides  of  the  heart.  On  the  left  side  of  the  heart 
it  is  continuous  with  the  lining  membrane  of  the  pulmonary  veins  and 
aorta,  and  is  usually  found  more  opaque  than  on  the  right  side,  whence 
it  is  prolongod  into  the  veins  of  the  body  and  into  the  pulmonary 
artery. 

According  to  Theile,  the  endocardium  is  very  thin  on  the  musculi  pectinati  of  the 
auricles  and  on  the  columnoe  carneae  of  the  ventricles.  It  is  thicker,  however,  on  the 
smooth  walls  of  the  auricular  and  ventricular  cavities,  and  on  the  musculi  papillares, 
especially  near  their  tips.  It  is,  on  the  whole,  thicker  in  the  auricles  than  m  the 
ventricles,  and  attains  its  greatest  strength  in  the  left  auricle.  In  both  auricles  the 
endocardium  consists  of  three  layers.  On  the  free  surface  is  an  epithelial  stratum  of 
polygonal  cells.  Beneath  the  epithelium  is  a  network  of  elastic  fibres  often  con- 
taining portions  of  fenestrated  membrane  ;  and  connecting  the  latter  to  the  muscular 
substance  of  the  heart,  is  a  layer  of  areolar  tissue.  Purkinje  and  Raeuschel  (De 
Arteriarum  et  Venarum  Structura.  Breslau,  1836.)  found  elastic  fibres  beneath 
the  endocardium  in  both  auricles,  and  in  the  corpora  Arantii,  but  not  in  the 
ventricles. 

The  auricles  are  both  of  them  divisible  into  a  large  cavity,  called  the 
atrium  or  sinus  venosus,  and  a  much  smaller  part  in  front,  the  auricular 
appendage,  auricula,  or  auricle  proper.  The  interior  of  the  atrium  pre- 
sents smooth  walls  in  the  greater  part  of  its  extent,  but  the  walls  of  the 
auricular  appendages  are  thrown  into  closely-set  reticulated  bauds,  which 
in  the  right  extend  also  into  the  sinus,  and  are  named  musculi  pectinati. 
The  auricle,  both  On  the  right  and  the  left  side,  receives  the  blood  from 
the  veins,  and  transmits  it  into  the  corresponding  ventricle  by  the  auriculo- 
ventricular  opening. 
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The  ventricles  on  a  great  part  of  their  inner  surfaces,  are  covered  with  a 
number  of  irregular  rounded  muscular  bands,  named  column*  cornea,  which 
form  quite  a  network  in  some  parts  of  the  ventricle,  and  may  be  classified 

he  walls  o  the  ventricle,  being  attached  by  one  of  their  sides  as  well  as  by 
the  two  extremities  ;  the  second  are  adherent  by  their  two  ends  only  and 
are  free  m  the  rest  of  their  extent ;  whilst  the  third  kind  form  a  few 
bundles,  named  musculi  papillares,  which  are  directed  in  general  from  the 

muscular  wa  1  by  their  broader  bases,  and  tapering  more  or  less  at  their 

which*  tW  i°  Smali  teDdhl0US  COTds>  through 

valve  TT  ,    Wlth  th6  Se^me^  °f  ^e  auriculo-v  ntricukr 

Irterial^"11019         tW°  «  auriculo-ventricular  and  an 

Fig.  229.— View  op  the  Base  «.  000 

op  thh  Ventricular  Part 
op  the  Heart,  showing} 
the  relative  position  op 
tue    Arterial    and  Atj- 

RlCtJLO-VENTRICULAR  ORIFI- 
CES. § 

The  muscular  fibres  of  the ' 

ventricles  are  exposed  by  the 

removal  of  the  pericardium, 

fat,  bloodvessels,  &c;  the  pul- 
monary artery  and  aorta  have 

been  removed   by  a  section 

made  immediately  beyond  the 

attachment  of  the  semi-lunar 

valves,  and  the  auricles  have 
been  removed  immediately 
above  the  auriculo-ventricular 
orifices.  The  semilunar  and 
aunculo-ventrieular  valves  are 
in  the  closed  condition.    1  1 

ffiffijS^  the  base  of  the  left 

5',  the  posterior,  and  5",  the  left  or  septarfegment  of  it  &  ^  ;  5' tho  anterior» 
oraorbc,  and  6'  the  left  and  posterior  LgmeTof  ttfmfe^T  ^"V  G>  the  auterio^ 
these  segments  are  seen  the  smaller  friSffreauent^  5       7"    *Q,theangles  between 

J^S&SZ  *  ^  -traction  of 

provided,  one  of  which  preven  ^  the  J     ^I  T*'  UV°  S&ts  °f  Valves  are 

ventricles,  while  the  ^^ts^JS?  ^  COUtracfci^  of  the 

the  ventricles  when  the  SlT      ^  ™,the  arteries  ba<*  into 

formed  of  folds  of  the  endocarc  1  ~ ^  ^  ^  «»  mail^ 

within  them.                 endocardium  with  some  fibrous  tissue  contained 

The  cturiculo-ventricnhiv  ™i 
segments,  which  are £T*\  °'  f***™"  *P-  or 
two  in  that  of  the  left.    At  ZTr  tZ   »       ^  °f  ^  sid*  and 

tinuous  with  one  another  so  t  L  J  '  ^  S6Veral  8^ents  are  con- 
round  the  margin  of  the  'auricular 1       an  anmilar  membrane  attached 

auricular  opening  :  they  are  directed  downwards, 
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and  are  retained  in  position  within  the  ventricle  by  the  chordae  tendinesc, 
which  are  attached  to  their  ventricular  surfaces  and  free  margins. 


Fig.  230. — Views  op  parts  op 
the  Semilunar  and  Mitral 
Valves,  as  seen  f&oii  within 
the  Ventricle. 

A,  portion  of  the  pulmonary 
artery  and  wall  of  the  right  ven- 
tricle with  one  entire  segment  and 
two  half  segments  of  the  semi- 
lunar valves  ;  a,  half  the  sinus  of 
Valsalva  of  the  anterior  segment ; 
6,  the  same  of  the  left  posterior  seg- 
ment ;  c,  the  entire  right  posterior 
segment  (see  Fig.  231,  A,  in  which 
the  lettering  is  the  same  as  in  the 
present  figure)  ;  d,  d',  inner  sur- 
face of  the  ventricle  ;  1,  the 
attachment  of  the  extremities  of 
the  segments  to  the  inner  wall  of 
the  artery  ;  2,  the  middle  of  the 
attached  border  of  the  segments  ; 
3,  the  middle  of  the  free  border 
marked  in  two  of  the  segments  ; 
upon  the  middle  segment  especially 
the  direction  of  the  bands  of  fibres 
strengthening  the  valve,  as  repre- 
sented by  Pettigrew,  is  shown. 

B,  portion  of  the  aorta  and  wall 
of  the  left  ventricle  with  one  entire 
segment  and  two  half  segments  of 
the  semilunar  valve,  and  the  right 
or  anterior  segment  of  the  mitral 
valve  ;  a,  half  the  right  anterior 
sinus  of  Valsalva  and  segment 
(marked  b  in  B,  fig.  231)  ;  b, 
the  same  of  the  left  side  ;  c,  the 
posterior  sinus  of  Valsalva  and 
segment  entire ;  in  a,  and  b,  the 
apertures  of  the  coronary  arteries 
are  seen  ;  d,  d',  the  inner  surface 
of  the  wall  of  the  ventricle  to  the 
right  of  the  auriculo-ventricular 
orifice;  1,  1,  the  attachments  of 
the  extremities  of  the  segments  ;  2, 
the  middle  of  the  attached  borders; 
3,  the  middle  of  the  free  border 
with  the  corpus  Arantii  shown  in 
the  middle  segment ;  e,  e',  the 
base  of  the  right  or  anterior  seg- 
ment of  the  mitral  valve ;  /,  its 
apex;  between  c,  and  d,  and  /, 

SS-rr^ilS SSSS  U-  are  tho»  which  belong  to  the  left  or  pos- 
terior segment  and  the  small  or  intermediate  segments. 

During  the  contraction  of  the  ventricles  the  segments  ol  th 

i  i  t  *h»  nnpninjrs  leading  from  the  auricles,  and  prevent  the  blood  from 
applied  c oi»  leadu  g  ^  ^ 

^^X^^o  valve  resist  the  pressure  of  the  blood,  winch 
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would  otherwise  force  them  back  through  the  auricular  orifice;  thepapillarv 
muscles  shortening  as  the  cavity  of  the  ventricle  itself  is  contracted  during 
its  systole  are  supposed  thus  to  prevent  the  valves  from  yielding  too  much 
towards  the  auricle,  which  might  have  been  the  case  had  the  chord*  ten- 
dine*  been  longer  or  fixed  directly  into  the  wall  of  the  ventricle.  The 
middle  part  of  each  segment  is  thicker  than  the  rest,  whilst  the  marginal 
part  is  thinner,  more  transparent,  and  jagged  at  the  edges.    In  the  angles 

?wf*  ^  T  °J  ^  .PmiCipal  SegmentS  °f  the  auriculo-ventricular  valves 
The  !         V  '  ^  ^  COnstaQ%>  as  ^any  small  intermediate  lobes 

The  musculi  papdlares  are  arranged  in  groups  as  many  as  there  are  se* 
men  s  of  the  valve  and  the  chord*  tending  from  each  are  distributed 

toSeZr  ValVeS'  S°  "  t0  draW  thek 

^tSSS^      ^ ")>  three 
and  proceeding  from  two  dEnt  sets  of  gene/allytwo  *«>       in  number 

wall  of  the  ventricle,  run  to  the '  base  or  itS  '  •  °^  °ne  of  these  and  the 
there  connected  also' witJ  the  SndSL  ^SSff1-0^6  B°S.ment>  and  ^re 
b,  the  second  set,  more  numerous  and  smaUer  th^  tt  a™cul°-veQt™ular  opening ; 
adjacent  papillary  muscular  groui^d^^tS  S  th^  ?roCefld  a-S°  fr°m  two 
of  each  segment  at  intervals  alongCo  Tmore  1  It  Pw  r  or  ventricular  surface 
attachment  of  the  tendons  of  the firTt o,  L  ,t V  V  ext™diaS  from  the  points  of 
extremity;  c,  the  third  set,  which  are  s  Ul  I  °f       ?lve  to  near  its  free 

off  from  the  preceding  one  and  are  aScSdTTTT  mUch  fincr'  brandl 
marginal  portions   of  the  Valves    1 ft  it    6  bac*  and  edges  of  the  thinner 

neighbouring  walls  penctate   toto  th^B^^i^ /rol^  from 
valves.  Moments  ot  the  aunculo-vcntricular 


Fjg.  231.— The  Semilunar  Valves  op 
the  Aorta  and  Pulmonary  Artery 

SEEN  FROM  THEIR  DlSTAL  SlDE.  ' 

A,  transverse  section  of  the  pulmonarv 
artery  immediately  above  the  attach- 
ment of  the  semilunar  valves :  a,  the 
anterior  segment;  b,  the  left,  and  c,  the 
rignt  posterior  segments  :  in  each  the 
sinus  of  Valsalva  is  seen,  and  between 
tnem  the  attachment  of  the  ends  of  the 
valve-segments  to  the  inner  wall  of  the 
artery. 

,w  a  *limilar  .,section  of  the  aorta, 
showing  the  semilunar  valves  from  their 
distal  side  :  a,  the  left,  b,  the  right 
anterior  segments,  with  the  sinuses  of 
Valsalva,  from  which  the  corresponding 
coronary  arteries  are  seen  to  take  their 
origin  c,  the  posterior  segment;  d 
the  right,  or  posterior;  e,  the  left  or 
anterior  coronary  arteries  ' 


Fig.  231. 


The  seminar  ot  sigmoidvalv 
placed  at  the  mouths  of  the  aorta 
and  pulmonary  arterv  rnnQia+    e  n 

attached  by  its  convex  border  to  ^T-  T mif?ular  fo^>  each  of  which  is 
it  joins  with  the  ventricle  whilst  it?  «     °/    10  artery  at  the  Place 
and  projects  into  the  interior  of  the  ™Z     ^  nearly  straisH  is  free, 

10  vosscl-    T]iey  are  composod  of  dupli- 
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catures  of  the  endocardium,  and  of  enclosed  fibrous  structure,  which  varies 
in  thickness  at  different  parts.  A  tendinous  band  strengthens  the  free 
margin  of  the  valve,  and  is  attached  at  the  middle  of  that  margin  to  a  slight 
fibro-cartilaginous  thickening,  the  nodulus  or  corpus  Arantii.  Other  ten- 
dinous fibres,  spreading  out  from  the  attached  border  of  the  valve,  run 
into  the  valve  and  towards  the  nodule,  occupying  its  whole  extent,  except 
two  narrow  lunated  portions,  one  on  each  side,  adjoining  the  free  margin  of 
the  valve.  These  parts,  which  are  named  lunula,  are  therefore  thinner  than 
the  rest.  There  is  also  a  strengthening  fibrous  cord  surrounding  the 
attached  border  of  each  valve.  (For  further  information  regarding  the 
structure  of  the  valves,  consult  Pettigrew,  in  Trans.  Roy.  Soc.  Edin. 

1864.)  .        .       .  ., 

During  the  contraction  of  the  ventricle  the  valves  lie  against  the  sides  of 
the  artery,  and  allow  the  blood  to  flow  freely  past  them  ;  but  during  the 
ventricular  diastole,  when  the  column  of  fluid  in  the  artery  is  partially 
tin-own  back  by  the  elasticity  of  the  coats  of  that  vessel,  the  sigmoid  valves 
are  distended  by  the  regurgitating  blood,  and  completely  close  the  arterial 
orifice  When  the  valves  are  thus  closed,  the  whole  free  border  and  the 
thin  lunated  parts  are  closely  applied  to  each  other,  and  are  held  together 
as  well  as  exempted  from  strain  by  the  opposite  and  equal  pressure  of  the 
blood  on  either  side,  so  that  the  greater  the  pressure  the  more  accurate 
must  be  the  closure.  The  force  of  the  reflux  is  sustained  by  the  stouter 
and  more  tendinous  part  of  the  valve.    (Retzius,  in  Miiller's  Archiv.  ,  1843, 

P'  Opposite  the  pouches  formed  by  the  sigmoid  valves,  the  commencing 
aorta  and  pulmonary  artery  present  dilatations  or  recesses  m  their  walls 
called  sinuses  of  Valsalva,  which  give  to  the  transverse  section  of  the  vessel 
a  trilobate  form,  and  as  one  of  these  is  placed  behind  each  segment  of  the 
valve,  it  thus  forms  along  with  it  a  cup-shaped  cavity. 

Special  description. -The  detailed  anatomy  of  the  four  cavities  of  the 
heart  may  be  conveniently  considered  in  the  order  of  the  course  of  the 
blood  Tn  its  double  circulation  through  them  from  the  vena,  cav*  to  the 

^The  right  auricle  forms  the  right  anterior  and  lower  part  of  the 
base'  of  the  heart,  and  is  in  contact  below  with  the  pericardium  where  it 
Ues  upon  the  diaphragm  :  it  receives  blood  in  two  large  streams,  from 
the  snperior  and  the  inferior  vena  cava,  besides  the  smaller  quantity  from 
the  coronlrv  vein.  At  its  fore  part  its  auricular  appendage  projects  for- 
the  coronary  vein  j  ^  ^  ^  ^  pulmonary  artery. 

impressed  and  slightly  dentated  at  its 
I  Lr  1 as  more  strongly  muscular  walls  than  the  sinus  venosus. 

^i^I^ge  and  interior  wall  of  the  sinus  venosus  are 
ijrid«d  in  a  vertical  direction  with  musculi  pectin ati  ;  the  remaining 
trtoi  Se^  are  comparatively  smooth.  The.  superior  vena  cava  is 
Stre  ted  inwards  and  forwards  into  the  upper  part  of  the  auricle,  while 
Sferior  vena  cava  terminates  in  the  lower  and  back  part  by  a  conside 
abiv^ar'er  opening,  which  is  directed  upwards  and  mwards.  In  the  floor 
f  Ih 7  auricle  in  front  of  the  inferior  vena  cava,  is  the  auriculo-ven- 

,,v  vein  of  the  heart,  situated  between  the  opening  of  the  inteiior 
Ta  ca"»  and  I  aurieolo-vontrioular  opening,  and  a  nomben  of  small  pts, 
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foramina  Thebesii,  some  of  which  are  recesses  closed  at  the  bottom,  whilst 
others  are  the  mouths  of  minute  veins  (vence  minima?  cordis). 

The  left  and  posterior  side  of  the  auricle  is  formed  by  the  septum  auricu- 

Fig.   232. — TrrE  Right  Fig.  232. 

Auricle  and  Ven- 
tricle OPENED  AND  A 
PART  OP  THEIR  RlGHT 

and  Anterior  Walls 
removed  so  as  to  show 
their  interior.  ^ 

1,  the  superior  vena 
cava ;  2,  the  inferior  vena 
cava  at  the  place  where  it 
passes  through  the  dia- 
phragm, and  below  the 
hepatic  veins;    2',  the 
hepatic  veins  cut  short ;  3, 
placed  upon  the  tubercle 
of  Lower  within  the  cavity 
of  the  right  auricle  ;  3', 
placed  in  the  fossa  ovalis, 
below  which  is  the  Eusta- 
chian valve ;  3",  is  placed 
close  to  the  aperture  ot 
the  great  coronary  vein 
and  the  valve  of  Thebe- 
si"s5    +,  +,  placed  in 
the    auriculo- ventricular 
groove,  where  a  narrow 
portion  of  the  adjacent 
walls  of  the  auricle  and 
ventricle  has   been  pre- 
served;  4,  4,  the  cavity 
of  the  right  ventricle  on 
the  right  side  of  the  sep- 
tum, the  upper  figure  is 
immediately   below  the 
semilunar   valves  •  4' 
large  right  column'a  car- 
nea  ;  5,  the  anterior,  5', 

Wi^Xrr?  H  *  Placed  in  the 

been  removed,  and  a  narrow  portion  of  it  ^Lf  ,  t^™1  wal1  of  that  ^sel  having 
lunar  valves  are  attached.  The halves  are  r  Zl  f  J*  c?mmfCement  where  the  semi! 
of  the  segments  are  seen  hr^SS^iS^^  m  *  ,half"clos^  Potion  ;  two 
arch  close  to  the  cord  of  the  ductus  artWioL,    9        T  ;  7'  C°ncavitv  of  the  aortic 

«.  «.  ^  outside  ofAS^Xt^ 

is  situated  an  oval '  depressTol  naT  w  ?  the  inferi°r  ™na  cava, 

vestige  of  the  foramen  ZToftlTfllT  w  f°T  Which  is  ^ 

and  indlCates  the  original  place  of  ™  (vestigium  foraminis  ovalis), 

It  is  bounded  above  and  7*  £  c<™?lc^on  between  the  two  auricles. 
deBcient  below,  the  annulus  amuf?  V  Promi'lent  border,  winch  is 
with  the  anterior  inferior  extreTi  I  °"!Sthimts  ^ussenn.  Continuous 
fold  of  endocardium,  the  i2  °f  * 16  1,11111111113  is  a  crescentic 

eustachian  valve,  springing  from  the  anterior 
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margin  of  the  inferior  vena  cava.  This  valve,  which  in  the  foetus  is  pro- 
portionally large,  and  serves,  in  conjunction  with  the  annulus  ovalis,  to 
direct  the  blood  from  the  inferior  vena  cava  through  the  foramen  ovale,  is  in 
tho  adult  comparatively  small,  and  very  variably  developed,  being  often  cribri- 
form or  perforated  by  numerous  foramina,  and  sometimes  reduced  to  a  few 
slender  filaments,  or  even  altogether  wanting.  The  mouth  of  the  coronary 
vein  is  likewise  protected  by  a  semicircular  valve,  which  is  sometimes 
double,  and  which,  though  previously  figured  by  Eustachius,  is  often  named 
the  valve  of  Thebesius.  The  coronary  vein  is  considerably  dilated  before  it 
enters  the  auricle,  and  this  dilated  portion,  which  has  muscular  parietes, 
is  commonly  termed  the  "  coronary  sinus."  At  the  junction  of  the 
coronary  vein  with  this  dilated  portion,  there  is  a  valve  consisting  of 
one  or  two  segments.  Other  small  veins  likewise  enter  the  coronary 
sinus,  each  of  them  protected  by  a  valve. 

The  superior  and  inferior  vense  cavse  being  both  directed  somewhat 
towards  the  left  side  at  their  terminations,  the  wall  of  the  auricle  pre- 
sents internally  a  convexity  between  them,  which  has  received  the  some- 
what misleading  name  of  tubercle  of  Lower.  In  the  human  subject  this 
elevation  is  slight,  but  in  certain  quadrupeds  it  is  more  strongly  marked. 

Running  upwards  from  the  fossa  ovalis,  under  cover  of  the  annulus,  there  some- 
times exists  a  small  slit,  which  leads  beneath  the  annulus  into  the  left  auricle, 
forming  thus  an  oblique  and  valved  aperture  between  the  two  cavities.  More  rarely 
the  foramen  ovale  of  the  foetus  remains  so  patent  after  birth  as  to  interfere  with  the 
proper  course  of  the  circulation,  and  produce  the  pathological  condition  known  as 
cyanosis-by  the  mixture  of  some  dark  or  venous  blood  with  the  bright  red  or 
arterial  blood  of  the  left  auricle. 

2.  The  bight  or  anterior  ventricle  extends  from  the  right  auricle 
towards  the  apex,  and  from  the  upper  and  anterior  part  of  its  base  sends 
upwards,  in  front  and  to  the  left  of  the  auriculo-ventncular  opening  a 
smooth  conical  prolongation,  free  from  columnas  carnese,and  named  infundi- 
bulum  or  comis  arteriosus  :  from  the  extremity  of  this  prolongation  of  the 
ventricular  cavity  the  pulmonary  artery  arises.  The  superficial  wall  of  this 
ventricle,  which  is  much  thicker  than  that  of  the  auricle,  but  thinner  than 
that  of  the  left  ventricle,  is  formed  by  the  part  of  the  heart  situated  to 
the  ricrht  of  the  anterior  longitudinal  groove,  viz.,  the  right  border,  the 
larger  part  of  the  anterior  surface,  and  a  part  of  the  posterior.  The  internal 
or  left  wall  is  formed  by  the  septum  ventriculorum,  and  is  convex,  bulging 
to  the  right  into  the  ventricle,  so  that  a  transverse  section  of  the  cavity 
presents  a  crescentic  figure.  .  . 

The  valve  guarding  the  right  auriculo-ventncular  opening  is  named  the 
tricuspid  valve,  from  the  number  of  its  segments.  One  of  the  segments, 
the  smallest,  is  placed  towards  the  left  and  rests  upon  the  septum  of  the 
ventricles;  the  other  two  are  placed  more  to  the  right, -one  posteriorly 
against  the  right  wall  of  the  cavity,  while  the  other,  the  largest  of  all,  lying 
anteriorly,  is  interposed  between  the  auricular  and  arterial  openings,  and 
has  its  ventricular  surface  directed  forwards  and  upwards.  The  chordae 
tendinese  arise  chiefly  from  the  musculi  papillares,  but  some  also  from  the 
walls  of  the  ventricle  and  especiaUy  from  the  septum.  Those  arising  from 
one  papillary  muscle  or  group  of  muscles  run  up  in  the  angular  interval 
between  two  adjacent  segments  of  the  valve,  and,  divergmg  from  each  other, 
nro  attached  to  both  segments. 

The  semilunar  valves  at  the  root  of  tho  pulmonary  artery  are  more 
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delicate  than  those  which  guard  the  aorta  j  and  the  sinuses  of  Valsalva  arc 
less  strongly  marked.  a  4X6 

3  The  auricle  occupies  the  left  and  posterior  part  of  the  base  of 
he  heart.  When  distended,  the  atrium  presents  from  behind,  where  it  1 
best  seen,  a  quadrilateral  appearance.  In  front  it  rests  against  the  aorta 
and  pulmonary  artery ;  behind,  on  each  side,  it  receives  two  pulmonary 
veins  th0Se  from  the  left  lung  entering  very  close  together;  and  on  Se 
nght  it  is  in  contact  with  the  other  auricle.    The  auric^ar  appendage  is 


Fig.  233. 


Fig.  233.— The  Left  Auricle 
and  Ventricle  opened  and 
a  part  op  their  anterior 
and  Left  Walls  removed 
so  as  to  show  their  in- 
TERIOR, i 

The  pulmonary  artery  Las 
been  divided  at  its  commence- 
ment so  as  to  show  the  aorta  : 

the  opening  into  the  left  ven- 
tricle has  been  carried  a  short 

distance  into  the  aorta  between 

two  of  the  segments  of  the 

semi-lunar  valves ;    the  left 

part  of  the  auricle  with  its 

appendix  has  been  removed. 

lbe  right  auricle  has  been 

thrown  out  of  view.    1,  the 

two  right  pulmonary  veins  cut 

snort :  their  openings  are  seen 

within  the  auricle  ;  1',  placed 

within  the  cavity  of  the  auricle 

on  the  left  side  of  the  septum 

and  on  the  part  which  forms 

the  remains  of  the  valve  of  the 
foramen  ovale,  of  which  the 
crescentic  fold  is  seen  towards 
the  left  hand  of  1';  2,  a  narrow 
portion  of  the  wall  of  the  auricle 
and  ventricle  preserved  round 
the  aunculo-ventricular  oriBce  : 
3,  the  left  part,  3',  the  right 
part  towards  the  septum  of  the 
cut  surface  of  the  wall  of  the 
ventricle,  seen  to  become  very 
much  thinner  towards  3",  at 
the  apex ;  4,  a  small  part  of 
the  anterior  wall  of  the  left 
ventricle  which  has  been  pre- 
served with  the  principal  an- 
terior columna  carnea  attached  to  it  •  *>  *  +i  «  i 

left  side  of  the  septum  with  n  the  Iktv  of  tl  T  P°St.erior  column»  earner  •  5'  the 

^m°SS^^ea^^*om  the  front:  it  extends  forwards 

num,  and  curves  towards  the  right  side,  resting 
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on  the  pulmonary  artery.    It  is  more  curved  than  that  of  the  right  auricle, 
and  its  margins  are  more  deeply  indented. 

The  interior  of  the  appendix  presents  musculi  pectinati  somewhat  similar 
to  those  in  the  right  side  of  the  heart,  but  the  walls  of  the  sinus  venosus 
are  altogether  smooth,  and  are  also  thicker  than  those  of  the  right  auricle. 
Posteriorly  are  the  openings  of  the  pulmonary  veins,  usually  two  on  each 
side,  and  entirely  without  valves.    The  two  veins  of  either  or  both  sides 
sometimes  unite  into  one  before  entering  the  auricle,  whilst  in  other  cases 
there  is  found  an  additional  opening,  most  frequently  on  the  right  side.^  In 
the  lower  and  fore  part  of  the  auricle  is  situated  the  left  auriculo-ventricular 
orifice.    It  is  of  an  oval  form,  and  is  rather  smaller  than  the  corresponding 
opening  between  the  right  auricle  and  ventricle.    On  the  septum  between 
the  auricles,  a  slight  lunated  mark  or  depression  may  be  observed,  which  is 
the  vestige  of  the  foramen  ovale,  as  it  appears  upon  the  left  side.  The 
depression  is  limited  by  a  slight  crescentic  ridge,  the  concavity  of  which  is 
turned  upwards,  and  which  is  in  fact  the  now  adherent  border  of  a  mem- 
branous valve,  which  during  foetal  life  is  applied  to  the  left  side  of  the 
then  open  foramen  ovale. 

4  The  left  or  posterior  ventricle  occupies  the  left  border  ol  the  Heart, 
but  only  about  a  third  of  its  extent  appears  on  the  anterior  surface  of  the 
organ,  the  rest  being  seen  behind.  It  is  longer  and  narrower  than  the  right 
ventricle,  forming  by  itself  the  apex  of  the  heart,  as  the  right  ventricle  does 
not  reach  into  that  part.  The  cross  section  of  its  cavity  is  oval,  not  crescentic, 
the  septum  on  this  side  being  concave.    Its  walls,  which,  exceptmg  near  the 


Fig.  234. 


Fig.  234.— Cross  Section  op 
the  Ventricular  part  op 
the  Heart  at  two-thirds 
from  the  Apex,  looking  in- 
to the  Cavities.  § 

1,  1',  cut  surface  of  the  wall  of 
the  right  ventricle ;  2,  2',  the 
same  of  the  left ;  3,  3',  the  same 
of  the  septum ;  4,  the  principal 
columna  carnea  of  the  right  ven- 
tricle on  its  right  border  ;  4', 
some  of  those  on  the  septum  near 
the  front ;  4",  some  of  those  on 
the  posterior  wall  near  the  sep- 
tum ;  5,  the  principal  anterior 
columna  carnea  of  the  left  ven- 
tricle ;  5',  the  largest  of  those 
situated  posteriorly  in  the  left 
ventricle  ;  6,  the  deepest  part  of  the  cavity  of  the  right  ventricle  ;  7,  that  of  the  left 
ventricle  at  the  apex  of  the  heart. 

anex  are  three  times  as  thick  as  those  of  the  right  ventricle  are  thickest  at 
Se  part  where  the  ventricle  is  widest,  about  one-fourth  of  its  length  from  the 
base  •  from  this  point  they  become  thinner  towards  the  auricular  opening, 
but  they  are  still  thinner  towards  the  apex  which  is  the  weakest  part,  llie 
Hn  ng  membrane,  which  is  continuous  with  that  of  the  left  auricle  and  the 
aorta  is  usually  less  transparent  than  that  of  the  right  ventricle,  especially 
later  life.  In  the  interior  of  the  cavity  are  noticed  columna  carnea, 
musculi  panares  with  chorda  tendinea,  and  two  orifices  guarded  with 
?Xes  The  column*  came*  are,  on  the  whole,  smaller  than  those  of  tho 
r^ht  ventricle,  but  are  more  numerous  and  more  densely  reticulated. 
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Their  intersections  are  very  numerous  near  the  apex  of  the  cavity,  and  also 
along  its  posterior  wall,  but  the  upper  part  of  the  anterior  wall  aucl  septum 
is  comparatively  smooth.    The  musculi  papillares  are  collected  into  two 
bundles,  which  are  larger  than  those  of  the  right  ventricle,  and  are  formed 
one  from  the  anterior,  the  other  from  the  posterior  surface  of  the  ventricle 
Jne  two  orifices  of  this  ventricle  are  situated  very  close  together,  with  one 
ot  the  segments  of  the  auriculo-ventricular  valve  between  ;  the  auriculo- 
ventncular  opening  being  placed  at  the  left  and  posterior  part  of  the  base  of 
the .ventricle,  behind  and  to  the  left  of  that  which  leads  into  the  aorta 
_    Ihe  hcuspid  or  mitred  valve,  which  guards  the  auriculo-ventricular  open- 
ing, resembles  m  structure  the  tricuspid  valve  of  the  right  ventricle,  but  it 

noinTl   r  Str0Dger  iQ  aU  itS  Parts'  and  consists  of  only  two 

if  /,VTnS  °r  SeSment3>  °™tinuous  at  their  attached  bases.  The 
of  the  ofSf  w  Segm!itS  13  SUSPended  obli(luely  t0  the  right  and  in  front 

situated  to  \C1TU  ,  9  T1CUlfr        th6  a0rti°  °rifices  :  the  smaller  » 
S   t        n  an d  P°stenorly>  ™*  doge  to  the  wall  of  the  ventricle 

There  is  usually  a  smaller  lobe  at  each  angle  of  junction  of  the  two  principal 
segments,  more  apparent  than  those  of  the  tricuspid  valve  1 

diaStaSThnff^  Ch0ldCG  tendhieCe  fr°m  GaCh  m"SCuluS  PaPma"s  is 

b  "  sfde  Sthe  STen\and  tl16  °ther  P°rti0U  t0  the  neighbour- 

in   side  of  the  other  segment,  so  that  when  the  musculi  papillares  contract 

Se  1  ^  Str°Uger  thaU  th0Se  of       right  side  If  the  hear 

Tr^Z^T  tenSurskoefyffiaid  CGUtral 

the  mouth  of  the aorta ILT^  +l  ™  ^  m°r°  Str°D^  marked  at 

and  from  the ^£ tf  ^  T' 

Posixiok  oe  THE  Parts  oe  the  Heart  with  RWok  to  the  Wal. 

of  the  Thorax. 

r^^JS^  ^^Zi^?1  *?  heart  is  important  in 
by  several  °f  kte  ^ated 

ments  on  some  points  camti  ,   T  M   i  80106  dlscordailce  in  their  state- 
precision  the  situaTon  oT-I  -  ?        diffic«lfcy  of  marking  with 
bodies,  and  in  partTerhls  ZT^^  ™cera  «  artificially  opened 
vidual  .    ThefXLl  S    by  differences  naturally  existing  among  bid  i- 
dance  with  J^J^^^^?^-  "  "i  gener/acco, 
that  most  of  the  uositiL  7   *     ,     ,     exc^on,  as  remarked  by  Walshe 
the  bulk  of  the  ifeartT  Z\ttn  ?S  ^  ^     Nea^  ^thirds  of 
of  the  auricles  corresponds  X  I  r  m?dle  The  UPP<*  edge 
the  second  right  into  the  first  lift  Z  lm°  ™tendmS  aci™3  the  sternum  from 
sulcus  corresponds  with  a  S£ 1  "  erCOf  al+sPac«.    The  auriculo-ventricular 
costal  cartilage  with  the  second  uJ     .           Ster"al  end  of  ^  fifth  «W»t 
the  second  costal  cartilage     TlL       ^te/G0S*al  space  beneath  the  middle  of 

»e.     me  rounded  margin  formed  by  the  wall  of  the 
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left  ventricle  extends  from  the  second  left  intercostal  space  to  a  point  in  tlio 
fifth  space  placed  two  inches  vertically  below  the  nipple.  The  sharp  margin 
formed  by  the  right  ventricle  passes  from  the  sternal  end  of  the  fifth  right 
costal  cartilage,  and  crosses  behind  the  end  of  the  body  of  the  sternum  and 
the  sixth  left  costal  cartilage,  to  meet  the  other  margin  at  the  apex. 


Fig.  235. 


Fit:   235.-SEMI-DIACIRAMMATI0  REPRESENTATION  OP  THE  CHEST,  WITH  TIIE  INTERCOSTAL 

Spaces  dissected  in  front  to  show  the  position  of  the  Heart  and  Great 
Vessels,  as  seen  behind  the  Sternum  and  Costal  Cartilages  (from  Luschka  and 
A.  Thomson). 

a  right  clavicle;  b,  scalenus  anticus  muscle  ;  c,  sterao-mastoid  muscle  divided  ;  d,pee- 
toi  al  muscles  divided    + ,  axillary  nerves  above  the  subclav  an  artery  ;  e,  trachea  below  the 
s  hmus  of  the  thyroid  body  ;  /,  /,  upper  surface  of  the  diaphragm  j  g  g,  surface  of  the 
ungs ;  d,  on  the  left  side,  apex  of  the  lung  or  pleura  appearing  an  the  neck    A  ribs  near 
eft  lobe  of  the  liver  ;  i,  etomach ;  k,  h,  transverse  colon  ;  I,  to  X,  first  to  tenth  ribs  near 
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their  cartilages ;  1  placed  on  the  lower  part  of  the  manubrium  of  the  sternum,  and  on  the 
place  of  the  arch  of  the  aorta  indicated  by  dotted  lines  ;  2,  placed  in  the  second  left  in 
tercostal  space,  on  the  stem  of  the  pulmonary  artery  ;  3,  apex  of  the  ri°h auricle  3'" 

t^trZZZ '  fS'  ^  S tMrd  SPf "  5  3"> it3  loVer  *>art  at  the  junction  of  the 
sixth  an  1  seventh  right  costal  cartilages  with  the  sternum  ;  4,  left  auricular  appendix  • 

moved  U    t™\  the  external  pericardium,  as  if  the  anterior  half  were  re- 

?7,i,a  tFansverse  lncislou       J,  vena  cava  superior  ;  8,  8,  internal  jugular  veins  : 

Lin,?  f?T  ^T'  J-°TS  th-  j,UgU,ar  5  9'  7'  9'  fc^ate  veins  ;  the  right  rising 
behind  the  sterno-clavicular  articulation,  the  left  crossing  obliquely  behind  the  umoer 
half  of  the  manubrium.  The  position  of  the  first  parts  of  the  innominate a Her left 
carotid  and  left  subclavian  arteries,  is  indicated  behind  and  below  this  vefu  9'  y'  outer 
par  of  the  subclavian  arteries.  It  is  to  be  observed  that  in  this  figure  the  aitachmen? 
of  the  sixth  costal  cartilage  to  the  sternum  is  represented  a  little  too  high!  attaChment 

JS*.  a.^cul^entri.ciuj1fr  °Peni*gs  1^  in  the  line  of  the  auriculo-ventri- 
cular  sulcus.     The  middle  of  that  of  the  right  side  lies  behind  the  sternum 
between  the  fourth  costal  cartilages,  aud  the  anterior  cusp  of  the  tricZd 

lef  lurllln6      t       °  ^  ^  ^  ^  6  ^  »?Te 

™  inc in I7en*™ulfar+1°Pe^g  »  «  the  second  intercostal  space,  less  than 
an  inch  to  the  left  of  the  sternum  ;  but  as  it  is  placed  deeply,  and  over- 
laid by  the  arteria  openings,  the  part  immediately  over  it  is  ^favourlblo 

The^L  f  "  thGref0re  b6St  C°ndUCted  at  the  P°int  0 

lately  to  the  left  ^TT  l°  LuSchka'  is  Placed  ^ 

d  ate  y  to  the  left  of  the  sternum,  opposite  the  second  intercostal  space 

the  free  margin  of  the  anterior  valve  reaching  up  to  the  lower  border  of 
the  second  rib.  The  aortic  orifice,  behind  the  insertion  of  the  th  rd  left 
cos  al yar  dage  and  the  sternum,  is  on  a  slightly  lower  level  th  n  the  orifit 
tL  aoS        ^  r-ery'+rd  "  C°Vered  *  ifc  *  two-thiria  of  its  breadth 

of  ^b^s^^j^t^-^  Position  and  Acti- 

Thomson"  ^JKSflffiSft  *?  I"  -terVati°ns  °f  ^ 
manubrium  sterni;  and  the  lef  border  nfS  ■  *  ^  ™th  the  middle  of  the 
ajch  is  slightly  to  the  le*  ^  ««■  ^  the 

of  the  aorta,  where  it  springs  from  the  left  vnnMM-  ■  T,  ■  ,  ,the  commencement 
sternum,  on  a  level  with  the  lower  edge  of the Sird V«\  left  b°rder  of  the 

part  of  the  aorta  bulges  hvon^^^t  i^^^0^^  The  ascending 
least  a  quarter  of  an  inch;  and  the  venf  cava  ,1    •    °  t0  the  extent  of  at 

farther  in  the  same  direction    The  SkTi^  T  GXtends  about  llalf  ™  ^ch 

right  of  the  Pulmonary^^Xf^ixiT  J?^       af08ndfag  a0rta  to  lhe 
hne  on  a  level  with  the  upper  bordIr  0f  \e  third  S  "  ^Ctly  behind  the  middle 
The  most  projecting  part  of  ihl    ■  iT  al  carWages. 
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The  apex  of  the  heart  is  .situated  about  three  and  a-half  inches  to  the  left  of  the 
middle  line,  and  in  the  fifth  intercostal  space.  The  apex  of  the  left  auricular  appen- 
dage is  in  the  lower  part  of  the  second  intercostal  space  or  behind  the  third  costal 
cartilage,  about  an  inch  and  a  quarter  from  the  left  of  the  sternum. 

FIBROUS  AND  MUSCULAR  STRUCTURE  OF  THE  HEART. 

The  heart  consists  chiefly  of  muscular  tissue  ;  but  besides  this  and  the 
thin  membranes  investing  its  surface  and  lining  its  cavities,  there  enter 
into  the  formation  of  its  wall,  numerous  blood-vessels,  absorbents,  and 
nerves,  together  with  more  or  less  fat  and  some  areolar  tissue. 

The  fibrous  tissue  belonging  to  the  heart,  besides  what  enters  into  the 
structure  of  the  different  valves  and  tho  chordse  tendinece,  is  found  princi- 
pally surrounding  the  auriculo- ventricular  and  great  arterial  orifices.  When 
we  view  the  base  of  the  heart  so  placed  that  the  two  auriculo-ventricular 
orifices,  which  are  separated  only  by  the  upper  edge  of  the  septum  ventri- 
culorum  are  side  by  side,  instead  of  the  right  being  somewhat  in  front  of 
the  left,  as  is  the  case  during  life,  the  aortic  opening  is  seen  to  occupy  a 
position  between  and  in  front  of  them,  and  to  have  the  opening  of  tho 
pulmonary  artery  immediately  in  front  of  it.    The  wall  of  the  aortic  opening 
is  firmly  blended  opposite  one  of  the  semilunar  valves  with  the  forepart  of 
the  right  margin  of  the  left  auriculo-ventricular  opening  ;  and  opposite  the 
angle  between  the  other  two  valves  it  is  in  close  contact  with  the  margin  of 
the  right  auriculo-ventricular  opening.    In  the  angle  between  the  aortic  and 
two  auriculo-ventricular  openings  there  is  found  a  small  fibro-cartilaginous 
mass,  which  in  some  large  animals,  as  the  ox  and  elephant,  is  replaced  by  a 
piece  of  bone.    From  this  nodule  a  thick  process  extends  backwards 
between  the  two  auriculo-ventricular  orifices  beneath  the  septum  auricu- 
larum,  and  others  pass  forwards  forming  bands,  one  on  each  side  of  the 
aortic  opening.    These  processes  form  the  bases  of  what  have  been  elabo- 
rately described  by  authors  as  the  Jibrous  or  tendinous  rings  of  the  auriculo- 
ventricular  openings.     These  rings,   and  others  which  are  described  as 
bounding  the  arterial  orifices,  have  had  a  great  importance  imputed  to  them 
as  being  the  tendons  of  origin  of  the  ventricular  muscular  fibres,  a  view 
which,  however,  from  recent  investigations  to  be  presently  noticed,  appears 
to  be  incorrect.    The  rings  around  the  auriculo-ventricular  orifices  consist  of 
only  a  small  quantity  of  loose,  white,  fibrous  tissue,  continuous  with  that 
which  is  found  in  the  segments  of  the  valves,  strengthened  on  the  sides 
next  the  septum  by  the  processes  from  the  fibro-cartilaginous  nodule.  _  The 
rin^s  of  the  arterial  orifices  have  been  described  by  authors,  and  also  m  the 
previous  editions  of  this  work,  as  each  formed  by  a  fibrous  band  or  zone, 
one  ed<re  of  which  is  even,  and  gives  attachment  to  the  muscular  fasciculi 
of  the  "Ventricle,  whilst  the  other  is  scalloped  into  three  deep  semilunar 
notches,  and  is  firmly  fixed  to  the  middle  coat  of  the  large  artery.  This 
scalloped  margin  is  simply  the  line  of  junction  of  the  endocardium  with  the 
festooned  line  of  attachment  of  the  semilunar  valves  and  termination  of  the 
artery,  strengthened  however  by  areolar  tissue.    The  fibres  of  the  middle 
coat  of  the  artery  also,  opposite  the  sinuses  of  Valsalva,  are  not  arranged 
anuularly  as  in  other  parts  of  the  vessel,  but  diverge  from  between  the 
sinuses  and  spread  upwards  and  laterally  on  the  walls  of  the  vessel ;  and 
the  attachment  of  the  artery  to  the  ventricle  is  principally  effected  by 
fibrous  tissue  continuous  with  the  middle  coat  of  the  artery  and  with  tho 
fibrous  tissue  in  the  valves,  which  spreads  out  between  the  small  fasciculi  ot 
the  muscular  substance,  and  is  firmly  connected  with  it. 
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The  mpscux.ar  fibres  of  the  heart  in  their  mode  of  action  belong  to  the 
invo  luntary  class,  but  are  of  a  deep  red  colour,  and  possess  the  transversely 
s  riated  structure.  They  are  smaller  than  the  ordinary  voluntary  muscular 
fibres  :  their  striatum  is  frequently  as  distinct  in  a  longitudinal  as  in  a 

KIT",86  ,  w!10?  :  UOt  °nly  i8  there  au  ««eediiig!y  intricate  inter- 
lacement of  both  fasciculi  and  fibres,  but  the  latter  appear  to  divide  and 
Amite  frequently  with  each  other  so  as  to  produce  a  finely  reticulated  structure. 

Fig.  236.— Heart  op  a  Young 
Subject     dissected  after 

BOILING  TO  SHOW  THE  SUPER- 
FICIAL    Muscular  Fibres, 

SEEN  ANTERIORLY.  § 

This  figure  is  planned  after  one 
of  Luschka's,  but  its  details  have 
been  chiefly  taken  from  an  original 
preparation.    The  aorta  and  pul- 
monary arteries  have  been  cut 
short  close  to  the  semilunar  valves, 
so  as  to  show  the  anterior  fibres 
of  the  auricles,    a,  superficial 
layer  of  the  fibres  of  the  right 
ventricle  ;   6,  that  of  the  left ; 
c,    c,    anterior  interventricular 
groove  from  which  the  coronary 
vessels  have  been  removed,  show- 
ing at  the  upper  and  lower  part 
most  of  the  fibres  passing  across 
from  the  right  to  the  left  ven- 
tricle, while  in  the  middle  part 
some  dip  into  the  septum  ;  a', 
pulmonary  artery ;  V,  aorta  ;  d, 
right  auricle;  d',  its  appendix, 
both    showing  chiefly  perpen- 
dicular fibres ;  e,  upper  part  of 
the  left  auricle ;  between  c,  and  I', 
the  transverse  fibres  which  behind 

the  aorta  pass  across  both  auricles  ;  J,  appendix  of  the  left 
cava  round  winch,  near  the  auricle  circular  fibres  are  seen 
monary  veins  with  circular  bands  of  fibres  surrounding  them. ' 


am 
V, 


•icle  ; 
9',  ri 


/,  super 
ght  and 


ior  vena 
left  pul- 


The  fibres  of  the  auricles  are  not  continuous  with  those  of  tb*  ™,+  •  1 
the  two  sets  being  connected  together  only  by  the ^  interval 
fibrous  rings  round  the  amicub-ventricukrVnfices     lo  Zt  °  1 

^S^ttr-r  -  -  * tttt 

^^^^^^  ~  n  Tmon  t0 

iuter-auriculaTse7um  The ™  " *"*  I  -T*  °f  ^  PaSS  ^  ^ 
consist  of  two  scK  tL  lot T  wi'  ^  m  W  to  each  auricle, 
fibres  pass  over  the  am'iclo VnT     f  ^  ^     2"  Th«  looped 

the  auricular  appendages  from  S  £      ig         ,  fibres  encircIe 

within  them.     Lsot^CZilCl:  fibres  running 

cava)  on  the  right,  and  of  the  Uml  the  entrances  of  the  ven.-o 

left  side  of  the  W,lthe Z^yVT  PUlm0naiy  vcill3°» 

,    tne  muscular  fibres  extending  for  some  distance 
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from  the  auricle  upon  the  veins,  especially  upon  the  superior  vena  cava  and 
the  pulmonary  veins. 

Fibres  of  the  ventricles. — The  muscular  fibres  of  the  ventricles  have  a 
very  intricate  disposition,  which  has  received  great  attention  from  various 
anatomists,  such  as  Wolff,  Gerdy,  Reid,  Searle,  and  most  recently  Pettigrew, 
the  last  of  whom  has  done  much  to  elucidate  the  nature  of  the  arrangement 
in  animals,  although  perhaps  the  whole  subject  cannot  yet  be  considered  as 
fully  understood. 

Fig.  237.  —Posterior  view  of 

THE  SAME  PREPARATION  AS 
IS  REPRESENTED  IN  THE  PRE- 
CEDING FIGURE.  | 

a,  posterior  surface  of  the 
right  ventricle  •with  its  super- 
ficial muscular  fibres  dissected ; 

b,  the  same  of  the  left  ventricle ; 

c,  posterior  interventricular 
groove,  from  which  the  coronary 
vessels  have  been  removed  ;  d, 
right  auricle  ;  e,  the  left, 
showing  some  transverse  fibres 
common  to  both  auricles,  and 
some  belonging  to  each  one ;  /, 
superior  vena  cava  ;  g,  g',  pul- 
monary veins  cut  short ;  A, 
sinus  of  the  great  coronary 
vein  covered  by  muscular  fibres; 
111,  posterior  coronary  vein  join- 
ing tbe  principal  one ;  i,  inferior 

.  vena  cava  ;     Eustachian  valve 
as  seen  from  behind. 

It  is  chiefly  the  reticu- 
lated structure  or  continual 
union  of  the  greater  part 
of  tho  muscular  fibres  with 
each  other  which  renders 
difficult  the  investigation 
of  tho  course  and  disposition  of  these  fibres.  In  order  to  unravel  them 
with  any  degree  of  success,  it  is  best  to  boil  the  slightly  distended 
heart  for  five  or  six  hours,  so  as  to  destroy  the  connective  tissue,  and  then 
carefully  to  dissect  the  heart  in  part  by  cutting  and  in  part  by  tearmg 
asunder  the  fibres  with  blunt  instruments. 

According  to  Pettigrew's  observations,  made  principally  upon  the  hearts  of  rumi- 
nating animals,  as  many  as  seven  layers  of  fibres  may  be  distinguished  in  the  walls  of 
both  ventricles;*  three  of  these  being  external,  three  internal,  and  one  situated  inter- 
mediately between  them:  but  it  may  be  remarked  that,  although  some  of  these 
layers,  such  as  the  external,  may  be  readily  separated  from  the  next,  others  of  them 
run  so  much  into  those  with  which  they  are  in  contact,  that  we  must  regard  the  dis- 
tinction of  layers  as  applying  more  strictly  to  the  difference  of  the  direction  of  the 
mniority  of  the  fibres  at  different  depths,  than  to  a  real  and  constant  separation  ol 
determinate  layers,  in  each  of  which  the  fibres  are  alike  in  direction.  At  the  Fame 
time,  for  the  convenience  of  description,  it  may  be  well  to  recognise  provisionally  tne 
seven  layers  of  Pcttigrcw. 

One  of  the  most  important  facts  which  has  been  established  by  1  ettigrew  s 

*  Wolff  conceived  that  five  or  six  layers  might  be  made  out. 
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researches,  is  that  of  the  continuity  of  the  fibres  of  certain  external  layers  with  those 
of  corresponding  internal  layers.   This  continuity  takes  place  at  the  base  of  the  heart 
round  the  aunculo-ventricular  orifices  and  upon  the  septum,  and  at  the  apex  of  the 
left  ventricle  in  that  peculiar  spiral  concentration  of  the  fibres  known  to  previous 
observers  as  the  vortex  or  whorl.    Thus  the  fibres  of  the  first  or  external  layer  are 
continuous  with  those  of  the  deepest  or  innermost,  in  part  by  folding  over  the  margin 
of  the  aunculo-ventricular  orifice,  and  in  part  by  penetration  through  the  apex  In 
the  same  manner  the  fibres  of  a  second  or  deeper  external  layer  are  continuous  with 
hose  of  a  layer  named  the  sixth  by  Pettigrew,  and  the  fibres  of  the  third  external 
layer  with  those  of  the  fifth ;  while  the  fibres  of  the  middle  or  fourth  layer  of  Petti- 
grew  may  be  considered  to  return  upon  others  of  the  same  set.    In  this  manner  the 

witting  aynS  Td0H  a11  the  other8'  the  second  and  ^  enclose  those 

within  them,  and  the  third  and  fifth  enclose  the  fourth 

The  fibres  of  the  ventricles,  therefore,  do  not  take  their  origin,  as  was  in  general 

previously  held,  from  the  fibrous  rings  surrounding  the  auriculo-venlriculi  SS 

Fig.  238.— View  op  a  Partial  Dissec- 
tion op  the  Layers  op  Fibres  op 
the  Ventricles  in  a  Sheep's  Heart 
in  Front  (after  the  manner  of  Pet- 
tigrew). §, 

At  the  base  and  apex  the  pericardium 
and  connective  tissue  and  fat  alone  have 
been  removed,  and  the  superficial  layer 
of  fibres  is  displayed  on  these  parts  of 
both   ventricles.     In    the  intervening 
space,  layer  after  layer  of  the  fibres  has 
been  removed  from  above  downwards, 
reaching  to  a  greater  depth  on  the  left 
than  on  the  right  side.     a\  a1,  the 
superficial    layer    of   the    right  ven- 
tricle;  &i,  l\    the  same   of  the  left 
ventricle;  2,  the  second  layer  of  both 
ventricles  ;  3,  the  third  ;  4,  the  fourth  or 
central,  with  fibres  nearly  transverse ;  5 
and  6,  two  of  the  deeper  layers  coming 
next ;  and  7,  a  small  part  of  the  fibres 
of  the  deepest  layer  on  the  front  of  the 
left  ventricle,  passing  into  one  of  the 
larger  papillary  muscles,  and  derived 
from  the  posterior  superficial  fibres,  which 
have  entered  the  whorl  of  the  apex  ante- 
riorly ;  the  different  degree  of  obliquity 
and  other  changes  of  direction  of  the 

fits?  ^  th«     * ihe  p»'X"  sxtss 

and  the  roots  of  the  great  arteries.   The  only  fibres  which  nom*  in  *  * 

those  structures  are  the  fibres  of  the  superficial  lw™vhentoX£  ^  ^ 
tinuous  with  those  of  the  deepest  laver  and  pv  JXTc  \  ?,  7  P  m  to  be  con" 
careful  dissection,  no  \^h  Tc^t^tyttV«.  ^  IlT  ^  ^  6xhibit<  011 
down  by  white  tissue  penettlng  be *we  f  the?^^?'  I?  ^  ^ 
the  muscular  fibres  which  surro,,n,!  )1  ,  1  i  ?  ' ,  a  1  P0rtl0n>  however,  of 
with  the  segments  SSE^aS^??"  0rifir  beC0me  continuo»« 

the  musculi  papillares,  he  Zl  oft       bclont  chtf  7^/^  thr°Ugh  thm  with 

Some  fibres,  especia  ly  those ^belon^inrt.  t)^g      «3  .V*'6  inncrmost  layer, 
upon  the  posterior  eurfac of  the  heS  n,«  B,UPerf cial }*7™>  and  more  especially 
especially  in  front,  may  be  ^dSedThrf  ^  VCntridcS '  °thers' 

anterior  superficial  fibrel  of the SbftJwff?  °  °ne,vent/icIe  on^    Thus  the 
i  me  ngut  ventricle  in  descending  from  the  right  to  the 
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left  of  tlie  heart,  pass  in  part  across  the  anterior  longitudinal  groove,  covering  partially 
the  coronary  vessels,  and  in  part  dip  into  the  groove  and  ascend  obliquely  upon  the 
right  side  of  the  septum.  The  anterior  fibres  of  the  left  ventricle  are  derived  in  part 
from  those  arising  from  the  roots  of  the  great  vessels,  in  part  from  those  crossing  the 
coronary  groove  from  the  right,  and  in  part  they  come  out  from  the  left  surface  of  the 
septum,  into  which  they  dip  in  front  like  those  of  the  right  ventricle  :  those  of  the 
anterior  fibres  of  the  left  ventricle  which  are  near  the  apex  pass  spirally  round  this 
part  to  enter  the  whorl  posteriorly,  while  the  posterior  set  of  superficial  fibres,  turning 
round  the  apex  with  a  similar  spiral,  arrive  in  front  and  there  enter  the  vortex. 
These  fibres  thus  carried  into  the  interior  ascend  upon  the  posterior  and  anterior 


Fig.  239. 


Fig.  239. — View  op  the  Fibres  op 
the  Sheep's  Heart,  dissected  at 
the  apex  to  show  the  "  yortex  " 
in  which  the  fibres  enter  the 
apex  in  two  sets  from  the  ex- 
TERNAL Layer  (from  Pettigrew). 

a,  a,  anterior  fibres  entering  the 
apex  of  the  left  ventricle  posteriorly 
at  h;  c,  c,  posterior  fibres  entering 
the  apex  anteriorly  at  d. 

internal  surfaces   of  the  left  ven- 
tricle,  forming  the  almost  longi- 
tudinal innermost  layer  of  fibres, 
and  contribute  to  form  the  columnte  camera  and  musculi  papillares.    Their  direction, 
as  they  ascend  internally,  is  nearly  the  opposite  of  that  in  winch  they  made  their 
descent  externally.  , 

The  direction  of  the  fibres  in  the  successive  layers  gradually  changes  as  we  proceed 
from  without  inwards;  for  example  on  the  front  of  the  right  or  left  ventricle  it  is 
at  first  very  oblique  from  right  to  left  of  the  heart,  or  indeed  in  some  parts  almost 
longitudinal  from  base  to  apex,*  it  then  becomes  less  and  less  oblique,  until  in  the 
middle  lavcr,  which  is  also  the  thickest,  it  is  transverse ;  the  obliquity,  being  now 
resumed  and  gradually  increasing,  the  direction  is  changed  to  that  from  right  to  left 
of  the  heart  and  from  apex  to  base  upwards,  until  at  last  in  the  interior  it  is  extremely 
oblique,  or  nearly  longitudinal. 


Fig.  240. 


Fig.  240.- 

TRIOLES 


-Dissection  op  the  Ven- 
op    the   Sheep's  Heart, 


viewed  from  behind,  a  part  of  the 
Posterior  Wall  being-  removed  to 
show  a  Dissection  of  the  Fibres  of 
the  Septum  at  a  similar  depth 
(from  Pettigrew).  § 
o,  the  superficial  layer  of  fibres  of  the 
right  ventricle  ;  b,  the  same  of  the  left 
ventricle  at  the  base  and  apex  pos- 
teriorly ;  a4,  the  fourth  or  middle  layer 
of  fibres  of  the  right  ventricle  exposed  ; 
l\  the  same  layer  of  the  left  ventricle  ; 
c4,  the  same  of  the  septum,  showiug  the 
fibres  of  that  layer  continued  forward 
from  those  of  the  left  ventricle. 


It  is  only  the  three  outer  layers  and  part  of  the  fourth  layer  which  are  distributed 
round  both  ventricles,  the  three  internal  layers  belong  solely  to  each  ventricle.  _ 

The  septum  consists  of  three  sets  of  fibres,  viz.,  1,  those  belonging  to  the  right 
ventricle  ;  2,  those  belonging  to  the  left  j  and  3,  those  common  to  both  ventricles. 

The  difference  of  thickness  of  the  walls  of  the  right  and  left  ventricles,  which  is  so 

The  direction  is  less  longitudinal  in  the  human  heart  than  in  that  of  the  sheep. 
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remarkable  in  the  adult,  does  not  exist  at  an  early  period  in  the  footm    A  n  n™„  • 
tion  of  the  fetal  heart,  therefore,  shows  a  much^reater  simi Sy n  tie  mode'  of 
arrangement  of  the  layers  of  fibres  in  the  walls  of  the  two  ventricles  than  mTght  bo 
supposed  from  the  examination  of  the  adult.  fe  c 

It  is  to  be  observed  in  conclusion,  that  Pcttigrew's  observations  were  made  almost 
exclusively  upon  the  hearts  of  animals.    No  doubt  many  circumstances^  nSv 

h^rmhef'^^T desirable  that  I^T^SlZ  T<& 

thZ*  \    ■  the(.Lutmfn  beart  should  b*  made,  and  more  especially  that  this  subject 
m  V'V^  ^    Ja  C(mnecti0IV;ith  its  development.  J 
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arteries,  which  arise  respectively  fZ  ,  \   •      thl0uSh  the  two  coronary 

The  col-onary  £Z  SSSX'S  ZltZ^B^^Tf  ^ 
coronary  vein,  and  another  principal  branch  tW  nr.  4  n  gr6at  Cardiac  or 

opening  separately  into  the  rfcht  auricle The telTV^  ^  °f  Veina 

vessels  run  principally  in  the  gUtZsverS ^and  ^i  ulinSov^?^  °f,  ^ 
from  these  grooves  and  other  nirto  nf  4i,»  „  7      ,       I      grooves  of  the  heart; 

p^iBf^S^S^S^1  surface  tlle  smaller  braQche° 

and  partly  from  the  ^^^^o^^Y^^m  ^-spinal 
and  from  the  cervical  and  superior  dorsal  ™S  nf 5  thePneumogastric  nerve, 
the  larger  ganglia  in  the  cardiac plexuS  ft  S  W  t^'mPathetiP  nerve-  Besides 
minute  ganglia  at  different  poKafon^  7^' the  nerves  P™8ent 

figured  and  described  by  Eemak    The  n  "  ^  ^  ?.Ubstence' wUch  htt^becn 

ventricles  of  the  heart,  dLsSSg  wS* CpSfiW  ^Tlf  °Q  the 
pericardium  are  situated  their  main  brmoh^  lndiS^-'  6  ?n  Whlch  and  the 
Jjronep's  Notizen,  1838,  p.  137;  and  Miillers  A  rchiv.  18-14  gp1£l463  t&T  "\  ^emak; 

WEIGHT  AND  DIMENSIONS  OF  THE  HEART 

scvSal  S£t3!&  ft*  £  ^  -P^y  of  its 

extensive  observation,  more  espec ia  l/wft  i  the  v ll  Z  /?  ^  ^  SubJecfc  of 

Us  natural  condition  wi  aS  eqJaUn  ^^.S^fTf^  the  in 
It  is  about  five  inches  long,  three  "and  a  half  in  i  cl°fd  hand  of  the  individual, 
half  in  its  extreme  thickness  from H Z  to  tf^ f  ^  ™d  tvo  and  ■ 
measurements  of  a  flaccid  organ  ^^to^Stt/T^1^*  but  "»« 
variations  as  to  render  them  of  little  value  6  b°  SubjCct  to  80  many  accidental 

also  subject  to  consider- 

weight  of  the  body  and  on  the  sex  mitS'  WhlcIx  dePend  0*  the  general 

^"Ata-U^MllM^i^S-^  Rneid'  the  aWe  weight  in  the 

According  to  Tiedemann  this  U  abouM^  ff"?  P^P0^011  to  that  of  the  body 

to  158  in  males,  and  1  to  149^^°  SVSSf!^  *  ™ 
thirty-seven  males,  and  1  to  176  in  two ClV     ,  7  !Cld  to  be  1  to  109  m  a  series  of 
suddenly  the  ratio  was  as  1  to  173       6  76  females'  but  in  the  healthy  males  dy, ng 
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It  was  shown  by  Clendinning  that  the  heart  continued  to  increase  in  weight  up  to 
an  advanced  period  of  life,  but  at  a  comparatively  slower  rate  subsequently  to  the 
age  of  twenty-nine  years.  Subjoined  is  a  tabular  statement  of  some  of  the  average 
results  derived  from  the  observations  of  these  authors. 


CLENDINNING. 

Weight  in  ox. 
Age  in  years.       Males.  Females. 

15  to  29  •••    8.i  •••  81 

30—50  •••    94  •••  84 

.  50—60  •••  10fc  ••  8 

60  —  +  -  104  -  8 


KEID. 

PEACOCK. 

Weicht  in  oz.  and  drachms. 

Age  in  years. 

Males. 

Females. 

Males. 

Females. 

16  to  20  •• 

8  10 

...  6  13 

8    2|  ■ 

..  8  1§ 

20  —  30  ... 

10  4 

...  8  0 

9  01 

..  8  10| 

30  —  40  ••• 

10  8 

...  9  3 

9  7 

..  8  13f 

40  —  50  ■•• 

11  7 

...  9  8 

8  11 

..9  3 

50  —  60  ••• 

11  10 

...  9  14 

9  12 

-  9  7| 

'60—70  ••■ 

12  6 

...  9  5 

10  18} 

..7  0 

70—  +  •• 

12  6 

...  9  6 

Entirely  in  accordance  with  these  observations  upon  the  increase  of  the  heart  s 
weight  according  to  age,  it  has  been  found  by  Bizot  that  this  organ  continues  to  enlarge 
in  all  its  dimensions  as  life  advances,  viz,  in  the  length,  breadth  and  thickness 
of  its  walls.  The  greatest  increase  was  detected  in  the  substance  of  the  left  ventricle 
and  the  ventricular  septum.  (Reid,  in  the  Lond.  and  Edin  Monthly  Journal  of  Med 
qpiPnrP  April  1843-  T.  B.  Peacock,  in  the  same  journal,  in  1846,  and  reprinted 
SS^%  Sfcto»d  observations,  in  1854  ;  Clendinning,  in  the  Medic  Chir. 
Transact  ,  1833;  Bizot,  Mem.  de  la  Soc.  Medic.  ^Observation  de  Pans,  torn.  i. 

P"  Capacuf!/the  auricles  and  ventricles.-To  determine  with  precision  the  absolute 
JaSSSt  capacities  of  the  four  cavities  of  the  heart,  as  they  exist  during  life,  is 
SpSe  Nnd  S  capacity  is  so  much  influenced  by  their  different  states  of 
dTslns  on  and  also  by  the  different  degrees  of  contraction  of  their  muscular  walls  at 
fhe  moment  of  death,  that  no  constant  numerical  relation  in  his  respect  can  be 
lookedToi  between  them.  Hence  the  most  opposite  statements  prevail,  especially 
with  regard  to  the  size  of  the  ventricular  cavities. 

The  furicles  are  generally  admitted  to  be  rather  less  capacious  than  he  ventricles. 
^gU  ^de  i  also  said  to  be  larger  than  the  left,  in  the  proportion  of  5  to  4. 

^The^dty  of  the  left  ventricle  has  been  stated  by  different  anatomists  as 
variously  as  at  14  fluid  ounces  and  4  oz. ;  it  probably  does  not  exceed  2  oz 

The  r  ght  ventricle  is  asserted  by  some  to  be  larger  than  the  left ;  by  others  (Lower, 
Uatier  AndS)  the  two  are  stated  to  have  an  equal  capacity ;  Cruveilhier, judging  from 
th eff M  o? inStTons,  has  found  the  left  to  be  the  larger  of  the  two.  In  he  ordinary 
tne  eneLb  ui  ii  »  always  found  more  capacious  than  the  lett, 

modes  of  death  the  J^J"™"  Sded  wifch  blood,  in  consequence  of  the 

"hlC  ron  oTthe  chXt"  X  ugHhe  lungs  :  the  left  ventricle,  on  the  other  hand, 
cessation  of  the  ciicu latum  inro  g  b  contracted.    There  are  reasons 

iXL^^X^^m  scarcely  any  difference  of  capacity  exist, 

between  the  two  cavities.  auriculo-ventricular  opening,  and  the 

Size  of  the  ventrrcular  Jrger  after  death 

Inches  and  Lines. 
Max.         Wed.  Min. 

B      ( Eight   4    0       3  10       3  9 

Auriculo-ventricular  orifices  <  Left   3  10       3    6      3  3 

(Eight  (Pulmonary)    2  10       2    7       2  6 
Arterial  orifices    .    .    •    •  |  T,eft  (Aortic)    2    8      2    8      2  4 

According  to  Peacock's  most  recent  observations,  the  following  (omitting  the 
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fractions  of  lines)  are  the  average  dimensions  of  these  orifices  in  adult  males  and 
females,  between  the  ages  of  20  and  60  years 


Auriculo-ventricular  orifices 
Arterial  orifices    .  . 


Males.  Females. 
Inches  and  Lines. 
4    6       4  0 
3    7       3  10 
3    4       3  3 
eft  (Aortic)    3    0  210 


f  Right 
)  Left  . 


|  Right  (Pulmonary) . 
\  Left  ' 


DEVELOPMENT  OF  THE  HEART  AND  GREAT  BLOOD-VESSELS. 

thJflflTrJi0  hea,J  firs\aPPears  as  <™  elongated  sac  or  dilated  tube  lying  at 
uL  fP  ,\  ,hG  embT'  havms  two  veiQS  connected  with  it  behind/and  a 
raftionfnf  •  if  *™*°to"S  from  it  in  front.  This  tube  exhibits  rhythmic  con 
tractions  of  its  walls  from  a  very  early  period.  Its  form  is  at  first  symmetrical  but 
soon  it  becomes  curved  or  bent  upon  itself  like  a  horse-shoe  and  pToTects on  th* 
ventral  aspect  of  the  body  towards  the  right  side  '       P  J  hQ 


Fig.  241. 


Fjg.  241. — Views  of  the  anterior  or 

CEPHALIC  HALF  OP  THE  EmBRTO-ChIOK 

from  the  Abdominal  Surface,  show- 
ing the   Heart  in  the  earliest 
staoes  of  its  formation  (after  Re- 
mak).  Magnified  about  twenty  times. 
A,  embryo  after  about  twenty-eHit 
or  thirty  hours    of    incubation  ;  13 
after  about  thirty-six  hours  of  incuba- 
tion ;  a,  placed  on  the  anterior  cerebral 
vesicle;  b,  the  primitive  cervical  ver- 
tebra ;  c,  c,  the  cephalic  fold  of  the  ger- 
minal membrane;  1,  1,  primitive  veins 
entering  the  auricle ;  2,  3,  in  A,  the 
primitive  and  simple  sac  or  short  tube  of 
the  heart ;-  in  B,  2,  the  auricular  part : 
<f,  the  ventricular  part  beginning  to  bul^e 
or  be  beut  to  the  side  and  dilate  •  4 
the  anterior  part  of  the  tube  which' be- 
comes the  aortic  bulb. 

time3  iht  ^^Z^Zr^10^  ^  J""*  ^ *•  same 
becomes  divided  by  two  £h ^2X2  ST?*"*  "  thickneSS  of  its  ™"*> 
cessively  into  each  Jther.    The first  next  t„   hT  °T Partments.  opening  suc^ 

middle  one  is  the  ventriZar,  Sd  the itt^uRl^  ^ 
is  named  the  bulbits  arteriosus  '  the  Pnnufcl™  arterial  trunk, 

compartment,  aud 

upon  it,  one  at  each  side,  which  form  S?lr.  ™  T'  ht"e  P°Uches  aPPear 
the  ventricu,ar  portion  are  already 'thict  JESS?"  The  ™£  of 

subdivision  of  the  single  auricle 
auricles,  the  right  and  left  lA^JTiJ^™^  f °  fom  th°         ^  2 

A  small  notch  appears  externally  to  the"  ^fZ^fZ^0*  °f  the 
in  depth  for  some  weeks  and  tiL  s.      •        ,        apcx'  whicl1  goes  on  increwin* 
about  the  fourth  or  fifth  week  aw  Sradua%  obliterated.    In  tin mean  S 

of  the  heart  at  a  little  ^HS^*-"  Z^T^  ^*$£& 
and  proceeds  in  the  direction  of  the  WSft'^01  ™"  °Bhe  cavity, 
eighth  week  is  complete.   Traces  of  the  sZlS    *  bulb'  a,ld  aboufc  ^ 

uie  subdivision  of  the  auricular  portion  com- 
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Fi"  242.— Diagrammatic  Outlines  op  the  Heart  and  First  Arterial  Vessels 
°'  0F  THK  Embryo,  as  seen  from  the  Abdominal  Surface. 

A,  at  a  period  corresponding  to  the  36th  or  38th  hour  of  incubation  in  the  chick ; 
B  andC  at  the  48th  hour  of  incubation;  1,  1,  primitive  veins ;  2,  auricular  part  of the 
heart  3  ventricular  part  ;  4,  aortic  bulb  ;  5,  5,  the  primitive  aortic  arches,  and  their 
rnnUnuat'ion  as  descending  aorta  ;  these  vessels  are  still  separate  in  their  whole  extent  m 
A  bu^at  a  later  p^r^d,  as  shown  more  fully  in  C  have  coalesced  into  one  tube  in  a  part 
of  the  dorsal  region  ;  n  B,  below  the  upper  5,  the  second  aortic  arch  is  formed,  and 
father  down  the  dotted  lines  indicate  the  position  of  the  succeeding  arches  to  the  number 
of  five  in  aU  -  6',  5',  the  continuation  of  the  main  vessels  in  the  body  of  the  embryo ; 
t  6  the  omphalo-mesenteric  arteries  passing  out  of  the  body  of  the  embryo  into  the 
vascular  area  of  the  germinal  membrane. 

mence  early  in  the  form  of  a  slight  constriction  on  the  outer  ratface,  which  marks 
off  ti  c  fu  urc  auricles,  the  left  being  at  first  the  smaler  of  the  two;  but  the 
auricu  ar  septum  is  not  begun  until  after  that  of  the  ventricles  is  completed.  About 


Fig.  243. 


Fig.  243.— Human  Embryoes 
at  different  early  stages 
op  development,  showing 
tub  Heart  in  its  tubular 
condition. 

A,  upper  half  of  the  body  of 
a  human  embryo  of  three  weeks, 
viewed  from  the  abdominal 
side  (from  Coste) ;  a,  frontal 
plate  ;  6,  vertebi  so,  on  which 
the  primitive  aortra  are  lying  ; 
3,  the  middle  of  the  tube  of  the 
heart,  below  it  the  place  of  en- 
trance of  the  great  veins,  above 
it  the  aortic  bulb. 

B,  lateral  view  of  a  human 
embryo  more  advanced  than  that 

caidium  is  seen. 
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andaM^?  *'  apPfr3'  glWlng  fr0m  above  ancl  behind  downwards  and  forwards 
and  at  length  comes  to  meet  and  coalesce  below  with  the  rising  edge  of 


Fig.  244. 


F«g.  244.— Snows  the  position  and 

FORM   OF   THE   HEART   IN    THE  HUMAN 

Embryo  from  the  Fourth  to  the  Sixth 

WEEK. 

A,  upper  Lalf  of  the  body  of  a  human 
embryo  said  to  be  four  weeks  old  tfrom 
Kolhker  after  Coste)  ;  B  and  C,  anterior 
and  posterior  views  of  the  heart  of  a  human 
embryo  of  six  weeks  (from  Kolliker  after 
ieker)  ;  a   frontal  lappet;  b,  mouth  ;  c, 
below  the  lower  jaw  and  in  front  of  the 
second  and  third   branchial   arches ;  d, 
upper  limb;   e,  liver;  /,  intestine  cut 
snort;    1,  superior  vena  cava;  ]',  left 
superior  cava  or  brachiocephalic  connected 
with  the  coronary  vein  ;  1",  opening  of  the 
inferior  vena  cava ;  2,  2',  right  and  left 
auricles  ;  3   3',  right  and  left  ventricles  ; 
4,  aortic  bulb.  ' 

ventricularseptum.  The  interauricular  sep- 
tum, however,  remains  incomplete  during 

!SSE  ^fle,  which  forms  toe  foramen  ovale. 

which  take  place'  at  the  ™£S^  i£^tm^™  COnnected  witb  changes 
terminating  in  the  auricular  eSem  fy  o tl^  "T,"1  n™  three  la^e 
the  superior  and  the  inferior  vena  cava  and  5^.?  ^  tW°  ^pond  with 
At  first,  after  the  intemuricular  sentu'  t  n  ^  H  th°  great  coronary  vein, 
opens  directly  into  the  left  auricl  wS  VE  *  ^V!^'  the  inferior  cava 
twelfth  week  a  septum,  the  valve  of  Z fi>Z  , hc  sma»«  of  the  two ;  but  about  the 
floor  of  the  fossa  oval'is,  rises  up  on  the  {ft ^  ^  wl^h  afterwards  forms  the 
thus  comes  to  open  into  the  right  auricle  \y  lt  J S?  °f  the  vein>  *M<* 

the  two  auricles  is  also  rendered I  moTe  co  b  +i    '  T  time  the  separation  of 

over  the  foramen  ovale,  Ieavin-  however  X       7    '  graduaI  advance  of  the  valve 

Another  valvular  fold  is  devdoned  5  ,  °Pen  Until  after  birth- 

border  of  the  orifice  of  the  infer 5 ^  cava  beS^T*  lisht  a»d  anterior 

orifice;  this  is  the  Eustachian  valve     it  anolar,  auricuI°  ventricular 

inferior  cava  towards  the  upper  manrin  of  ?k !  f  COntmue  the  °Penin£  of  the 
of  the  vein  through  that  passage      g     °f  ^  f°rameQ  0vale>  and  directs  the  blood 

*^^£^^CS:^^*  Penary  veins.   The  manner 

Originally  the  heart  is  composed  of  a t,  s *lf  ^  n0t/et  beon  Pertained 
to  those  which  primarily  constitute  th o2  cells>  similar  ™  character 

subsequently  formed  trim  these    1  3    fiW/  ^  ^  Mu3Cular 
proceed  for  some  time,  whilst  the  heart  is ,  3      !f  contractions  commence  and 
cular  fibres  have  been  developed  "  ^  C°mP0Sed  of  c^>  and  before  the  mul 

J-  lie  great  vessels.~At  first  th»  K„ii, 
pass  upwards  and  outwarS ^  one  on  each  SIT  h  divided  into  l™  arches  which 

^dSr-otS  ^S25^ 

outwards  from  tne  Vessel  wtb  aPPear  *  Serie3  ^I^L^ST1  ^ 
which  descends  from T  Th^thS"?8  t0  the  first  ^^^t'ln^S 
anterior  trunk  uniting  th*  «  •  •  are  oa  each  side  five  arrhJT  ■  at 
uniting  their  tenons  aXttnn^T^  and  * ASBiS 
vascular  arches  are  placed  'each  in  one  of  tlm ^  0ne,^Ithe  r00te  *  «/S5T  T he  t 
(P  04),  but  it  is  to  be  noted  that  lCl^1S^:p,T,"  °f  thc  dorSal  SS 

nve  arches  do  not  co-exist;  for  the  highest 
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Fig.  2-15. 


disappear  before  the  last  are  developed.  This  arrangement  of  blood-vessels,  together 
with  the  originally  single  condition  of  the  heart,  corresponds  to  a  certain,  extent  with 
the  permanent  condition  of  the  heart  and  branchial  arteries  m  fishes;  with  tins 
difference  as  regards  the  vascular  arches  in  the  human  fetus  and  that  of  mammals, 
birds  and  scaly  reptiles,  that  they  never  present  any  farther  branch^  subdivision 

As  the  interventricular  septum  is  approaching  the  base  of  the  heart,  that  is  about 
the  seventh  or  eighth  week,  the  arterial  bulb  becomes  also  divided  by  an  internal 
partition,  meeting  from  opposite  sides,  into  two  vessels,  which  are  slightly  twisted  on 
each  other,  and  are  so  adjusted  as  to  become  connected,  the  anterior  with  the  right 
and  the  posterior  with  the  left  ventricle  :  these  vessels  afterwards  constitute  the  com- 
mencement of  the  pulmonary  artery  and  of  the  aorta.  A  furrow  subsequently,  begin- 
ning on  the  outside,  completes  the  separation  into  two  vessels. 

Whilst  the  arterial  bulb  is  thus  converted  into  the  commencement  of  thepulmonarj 
arterv  and  aorta,  the  five  vascular  arches  arising  from  it  undergo  a  metamorphosis, 
by wlict the  permanent  aorta  with  the  brachiocephalic  vessels  and  the  pulmonary 
arteries  are  formed.  The  general  results  of  this  change  have  been  observed  by 
several  eSryoEJU  but  if  has  not  yet  been  made  out  with  certainty  in  all  its 

deUis  generally  admitted,  however,  that  the  fourth  arch  on  the  left  side  (counting 
from  above),  wLh  receives  blood  from  the  aortic  division  of  the  bulb 
and  continuing  to  enlarge,  eventually  becomes  the  arch  of  the  aorta,    the lourtn 
arch  on    n    right  side,  as  well  as  the  first,  second,  and  th  rd  arches  on  both  sides 
a  e  oblUe rated  to  a  greater  or  less  extent,  while  certain  port  ons  of  them,  remani  ng 
p^o^aldconnected  with  the  aortic  arch,  appear  to  form  the  commencement  of  the 

*ST*  3S  Wifa  Pa-  -re  held  by  Baer  to  be  connected  with  the 

Fig  245.—  Diagram  of  the  Aortio  or 
Branchial  Vascular  Arches  of  the 
Mammal,  with  their  transformations 

GIVING  RISE  TO  THE  PERMANENT  ARTERIAL 

Vessels  (according  to  Rathke). 

A  P,  primitive  arterial  stem  or  aortic 
bulb,  now  divided  into  A  the  ascending 
part  of  the  aortic  arch,  and  P  the  pul- 
monary;  a,  the  right;  a',  the  left  aortic 
root  •  A',  the  descending  aorta.  On  the 
right  side  1,  2,  3,  4,  5,  indicate  the  five 
branchial  primitive  arterial  arches;  on  the 
left  side,  I,  II,  HI,  IV,  the  four  branchial 
clefts,  which,  for  the  sake  of  clearness,  have 
been  omitted  on  the  right  side  It  will  be 
observed,  that  while  the  fourth  and  nfth 
pairs  of  arches  rise  from  the  part  of  the 
aortic  bulb  or  stem,  which  is  at  first  un- 
divided, the  first,  second,  and  third  pairs 
are'  branches  above  c,  of  a  secondary  stem 
on  each  side.  The  permanent  systemic 
vessels  are  represented  in  deep  shade,  the 
pulmonary  arteries  lighter;  the  parts  oi 
the  primitive  arches,  which  have  only  a 
temporary  existence,  are  drawn  in  outline 

only.  C)  placed  between the  per—t  —J  ^ffi^ 
carotid  arteries;  cr  a',  ^   jftey    d  the  fifth  arch;  *  the  right  vertebral 

,lavian  rising  from  the  right  ^^T^to  left  vertebral  and  subclavian  arteries 
from  the  same  opposite  the r0ot  opposite  the  fourth  arch  ;  P,  he 
rising  together  from  the  left  o  I^°anJf  ^  mh  arcf;  d>  the  outer  or  back  part  of 
pulmonary  arteries  rising  together ,rom   be  >  ^  r       ^  left  neumo- 

the  left  filth  arch,  forming  the  ductus  g™^*^  ^  tlieil.  recurrent  branches 
gastric  nerves,  descending  in  fiont  ot  1 .he  tQ  illustrate  the  relations  of 

she?  SpSS;  ti1^:  vgr&A   -  ^  «*  of  *.  a**  and 

ductus  arteriosus. 
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pulmonary  division  of  the  bulb,  and  to  send  ramifications  into  the  lnnn  »»,.(„<• 
the  nght  and  left  branches  of  the  pulmonary  artery  resnectirelv th Trfh.f     >•  "! 
portion  of  the  right  arch  being  obliterated,  white  KrrSLi^^nS 

see1  Sits  »anr  r1  r :?  ^sssss 

the  proximal  o  tlfe  ire  form,  «  1  "  glV6a  °ff'  which>  toSether  with 
into  ?he  prima?  branche foSe  S  «Mm0,T  ^  and  wMch  divides 
converted,  as  accorTnt  to  1W,  £  and  left  lung,  the  distal  part  of  the  arch  being 

of  the  right  side  aceoS^  iTatht  7'  "  «  UCtUS  ai'fceri°SU3-  The  fourth  ar<* 
artery  ■  f  branchTs  give/  off^S^S  xte^T^  °f  ^  ^  Subcl™ 
both  sides,  which  fofms  on the  rTl t         ^  «tremity  of  the  fourth  arch  on 

and  on  the  left  the  wTole  of  hat  ar  e  v      t  °f  the  T'^b  -bcUrian, 

the  subelavians  external  t .the  ,ys  n7of  arLTS"  £  ■"S"  ^  derived  from 
their  extent  between  the  third  and  fourS  the  iaternal  trun^  in 

in  the  remainder  of  their  extent  form  th^  "'f^  M  th°  COmmOQ  carot^,  and 
and  the  external  trunl^We'lt^  o" .^1^ '  ^  ^ 

(Baer,  Entwicklungsgeschichte  1839-  Rathk. f  ,  the  internal  carotid  arteries. 
&c  Vienna,  1857;  °and  ^^^8^^^^^^^ 
Philos.  Journal,  1830-31,  and  Edin  Med'  and  W  T  '  A'  Thomson'  Edin.  New 
Physiologic*;  BischoiTs  works;  ^S£S£S^«jJ»«  *~ 

P_  0F  IHE  ^a^^  Great  .BSSEM._F_ 
\™6n7YlEVr  ^  THE  Fro^  and  Right 

blDE  OP  THE  FffiTAL  HEART,  AT  POUR 
MONTHS,    THE  IUqht  AURICLE   BEING  LAID 

open  (from  Kilian). 

o,  the  right  auriculo-ventricular  opening  • 
b  a  probe  passed  up  the  vena  cava  inferior 
and  through  the  foramen  ovale  into  the  left 
auricle  ;  c,  vena  cava  inferior  ;  e,  Eustachian 
valve  ;  v,  valve  of  the  foramen  ovale  7 
vena  cava  superior.  '  *>  *> 

to  turn  towards  the  left  side,  so  as  to  give 
it  an  oblique  position.  s 

Size  —As  compared  with  the  bodv  the 
heart  is  very  much  lanrer  in  ih,  , 

that  of  the  body  is"  3d by  M  keU??"? 
to  60 ;  but  the  ratio  becomes imSLS,  °  1 
duced  to  that  of  1  to  120  a?bSh  ^ 
adult  the  average  is  about  1  to  160 

For  a  long  period  the  auricular  norHn«  •  7 
auricle  is  more  capacious  than  the  B  but  towards  SS  «f  and  the 

waras  Dirtli  these  peculiarities  disappear, 


Fig.  246. 
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and  the  ventricular  portion  becomes  the  larger  part  of  the  heart.  As  to  the  ventricles 
themselves,  the  right  is  at  first  the  smaller ;  afterwards  it  becomes  the  larger  of  the 
two,  and  at  birth  their  size  is  about  equal.  In  the  right  ventricle  _the  infundibulum 
is  at  first  less  marked  than  afterwards. 

Structure.— ¥or  a  time  the  walls  of  the  ventricles  are,  comparatively  speaking, 
very  thick,  and  the  thickness  of  both  is  nearly  the  same.  In  approaching  the  full 
period,  however,  the  left  begins  to  be  the  thicker  of  the  two.  But  the  two  chief 
differences  in  the  internal  structure  of  the  foetal  heart  from  that  of  the  adult  are  the 
communication  which  exists  between  the  two  auricles  by  the  foramen  ovale,  and  the 
large  size  of  the  Eustachian  valve. 

The  large  oval  orifice  named  the  foramen  ovale  is  placed  at  the  lower  and  back 
part  of  the  auricular  septum,  and  is  said  to  attain  its  greatest  size  at  the  sixth  month. 
It  becomes  gradually  occluded  by  a  valvular  fold  already  alluded  to,  which  ascends 
from  below  and  behind,  and  rises  up  on  the  left  side  of  the  rim  of  the  foramen  ovale. 
This  rim  becomes  continuous  at  the  sides  with  the  valve,  but  above  its  free  margin, 
which  is  concave  and  turned  upwards,  the  foramen  is  left  open.  At  length  the  valve 
passes  for  some  distance  beyond  the  upper  part  of  the  foramen ;  and  still,  owing  to  its 
position  on  the  left  side  of  the  opening,  it  permits  the  passage  of  blood  from  the  right 
to  the  left  auricle.  In  the  reverse  direction,  however,  it  closes  the  opening  and  no 
blood  can  pass. 

pig,  247. — View  op  toe  Posterior  and  left 

SURFACE  OF  THE  HEART  OP  A  FffiTUS  OP  FOUR 

Months,  the  left  Auricle  being  opened 
(from  Kiliau). 

a,  left  auriculo-ventricular  orifice  ;  c,  inferior 
vena  cava,  through  which  a  probe  6,  is  passed 
from  below,  and  thence  by  the  foramen  ovale 
into  the  left  auricle  ;  e,  left  auricular  appendage 
laid  open  ;  o,  valve  of  the  foramen  ovale  seen 
to  be  attached  to  the  left  side  of  the  annulus 
ovalis  of  the  septum. 


The  pulmonary  artery  of  the  foetus,  in 
leaving  the  right  ventricle,  first  gives  off 
the  branch  to  the  right  lung,  and  then 
appears  to  divide  into  its  left  branch  and 
the  short  but  wide  tube  named  ductus 
arteriosus.  This  vessel,  which  is  nearly  as 
wide  as  the  pulmonary  artery  itself,  is  of  the 
thickness  of  a  goose-quill  at  the  time  of  birth, 
and  about  half  an  inch  long.  It  conducts  the 
chief  part  of  the  blood  of  the  right  ventricle 
into  the  aorta,  which  it  joins  obliquely  within 
the  termination  of  the  arch,  a  little  beyond 

the  origin  of  the  left  subclavian  artery.  intended  to  supply  the  abdominal 

Besides  the  usual  branches  of  the  d^j^  arteries> 
viscera  and  the  lower  limbs,  two  ^'jfj^^  K Somen,  proceed  along 
are  prolonged  from  the  common  i la s,  and  P* sing  out  ^    ^  ^ 

the  umbilical  f^ ~^J^ta^^  C.  the  trunk  of  the  corresponding 
mencement  of  each  of  these  vessels  ane  regarded  in  the  foetus  as  the 

internal  iliac  artery,  and,  from  their  J  to  aorta  divides.    From  the 

continuations  of  the  common  iliac  ^"^.^XmS,  aicr  entering  the 
placenta  the  blood  is  returned  by  the  umMical  vein  «    ,  ^  ^ 

^S^^^^^^ as  wiU  be  more  fu,,y 


THE  FCETAL  CIRCULATION.  329 

the  body ;  whilst  the  inferior  cava,  which  is  considerably  larger  than  the  -superior 
conveys  not  only  the  blood  from  the  lower  half  of  the  body,  but  also  that  which Ts 
sent  back  in  a  purified  state  from  the  placenta -through  the  umbilical  vein  This 
latter  stream  of  blood  reaches  the  vena  cava  inferior,  partly  by  a  direct  passage -the 
th7  venLeportS  ^  ^  ^  circuIatinS  through  the  liver  in 

The  blood  of  the  superior  vena  cava,  descending  in  front  of  the  Eustachian  valve 

XtTf ,Smal  ,P°rtl0n0f  that  fr0m  the  infeiior  cava,  passes  on  into  the 
right  ventricle,  and  is  thence  propelled  into  the  trunk  of  the  pulmonary  artery  A 

and  ofn,!0.  ?  distribu,ed  throuSh       Ranches  of  that  vessel  to  the  lungt 

and  returns  by  the  pulmonary  veins  to  the  left  auricle;  but  by  far  the  larger  par 

S8of  «°Ug  l  thf\1UUtU3(  arteri°SUS,  iQt0  thG  a°rta'  eilteri"S  vessel  be/ond  t  e 
place  of  ongm  of  the  arteries  of  the  head  and  upper  limbs,  and,  mixed  probably 
with  a  small  quantity  of  the  blood  flowing  along  the  aorta  from  hTkft  yenS 
des  ends  partly  o  supply  the  lower  half  of  the  body  and  the  viscera,  but  piin  pal  v' 
to  be  conveyed  along  the  umbilical  arteries  to  the  placenta.  Prom  all  these  m.ts  il 
is  returned  by  the  vena  cava  inferior,  the  ven*  port*,  and  the  lb  ical  vein   a nd 

{ Kood0 TLiet°a       right  am'icle  t,U'°Ush  the  trank  of  the  inferior  ^vaaUd' 
I  he  blood  of  the  inferior  vena  cava  is  only  in  small  part  distributed  with  thai  of 
the  superior  cava ;  by  far  the  larger  portion,  directed  by  the  Eustachian  valve  thro^h 
the  foramen  ovale,  flows  from  the  right  into  the  left  auricle,  and  thence  loTether  wU 

into  tne  Jett  ventnclc,  from  whence  it  is  sent  into  the  arch  of  the  aorta  to  1>p  di, 
tnbuted  almost  entirely  to  the  head  and  upper  limbs     A.  small  TJZt  „  •  i 
ever,  probably  flows  on  into  the  descending  25  J£ fr0> S^  .^Vf\tood 

bvXhlUC.tU3  ftrSUS-    Fl'°mthe  Upper  half0f  the  body  thfbood  Return  d 
lVn2Z^*em*'nQXC&Y*t0  thC  ***  -ricle,  from}  which  its  cout  hat 
Sabatier  was  of  opinion  that  no  mixture  of  the  two  streams  of  hlond  f™™  ««,  * 

stream  from  the  superior  cava  •    „    il  l    >  ?f  ,the  lnferl0r  cava  Joins  t!>e 

arteriosus.  PaSSeS  mto  the  Ending  aorta  beyond  the  ductus 

upper  or  cephalic  ha./ottLt  us  riowerlTo  ^e  g^^V?  J""*"1  t0  *• 
the  blood  winch  has  already  circulated  SI  1  °^  18  chl°ny  8upPlied  with 
in  this  a  certain  analogy  with  the  mod o.f  ?  ^  ^  'T*  Upper  limbs>  exhibiting 
reptiles.    The  larger  portion  of  thiT? ?lr  ?  in  the  turtle  and  various  ^ 

of  the  body  to  begchaCT  th^p^i^-°f  ?"0d-'  WV6r'  h  again  Seflt  0llt 
the  right  ventricle,  which  after  birth  t  T  a  ?,  dUty  18  PrinciPally  performed  by 
having  to  propel  the  bloJd  Lrough  h  tZf  2 ^  "T^1  ^ 
is  longer  than  that  of  the  pulmonary VnT/L  °f  the  placcntal  blood 

probably  aided  by  the  left  L  L  phceS  £LbS?  ™? °f  th°  f0CtUS'  althouSh 
systemic  circulation  through  the  h vo t  f  J  Z  ^°  ^  a  larSe  sha™  in  the 
the  reason  why  the  right  differs les  in  ilL  <■  b°dyJ  and  this'  pcrhaP8>  »ay  bo 
than  in  the  adult.  1688  la  thlckness  from  the  left  ventricle  in  the  foetus 


Changes  after  birth. — The  immpfi:,t»  v. 

the  sudden  stoppage  of The Xjff  d£3?  *M*^  p,Me  &t  b^h  consist  of 

placental  circulation  and  the  simultaneous  commence- 


PULMONAltY  VESSELS. 


331 


Fig.  248.-Semi-waoba«matio  view  0f  the  Oboans  of  Circulation  in  the  Fojtus 
from  before,  (modified  from  Lusclika  and  from  Nature).  § 
a  front  of  the  thyroid  cartilage;  6,  right  side  of  the  thyroid  body  :  c,  trachea  •  d 
surface  of  the  right  lung  turned  outwards  from  the  heart ;  e,  diaphragm  below  th aP£ 

hlnnHo  J  W  l0^,°f  the  Iive1*'  dissected  t0  show  ratification^  of  the  portll  and 
hepat  c  veins ;  /,  the  middle  part  and  left  lobe  of  the  liver  in  the  same  manner,  showin» 
branches  of  the  umbilical  veins  and  ductus  venosus  ;  9,  right,  JL  left  kidney    V'  Zra 

E* *«  ^  Ur6ter;  *  P0rti0U  °f  ^  -alllntesle  turned^oSs 
the  side,  to  show  the  veins  from  it  going  to  the  portal  vein  ;  h,  urinary  bladder  •  I  is 

bvTfinetn*116  TblhCUS'  WMch  iS  tUmed  t0Wards  the  Wtof  the  fitu^  andpon  ts 
by  a  hne  to  the  urachus  ;  m,  rectum,  divided  and  tied  at  its  upper  part 

^,  A,  right  auricle  of  the  heart  opened  to  show  the  foramen  ovale  ■  a  Probe  intro 

duced  through  the  large  divided  right  hepatic  vein  and  vena  cava  infer  or'  is  see™ n* 

through  the  fossa  ovalis  into  the  left  auricle  ;  at  the  lower  part  of  the  fossa ovalis  s  en 

between  5  and  5',  the  direct  branches  of  the   1!  S  J&L  ?:'  5 '  ductuS  venosus  5 


rinlif  s'  i    — r  6     UUIU"Jou  mac  artery  :  /'  left  commc 

above  the  root  of  which  are  seen  the  two"  spermatid ^  arttics    '      *  01 

l!!^^^1^SSi^£  Se  ?T which  then  perform  their  offi- 

and  the  umbilical  vessels .  all  l?ZZ/t  '  *he  dufctus  Venosus,  the  ductus  venosus, 
right  and  left  clvi £ of  1 S°  fotu*  "»  graduall>'  closed'  and  ^ 
each  other.    According  to  Bernt  the  t0  cominu™<^  directly  with 

diately  after  several  inspiraSns  h^.  t  *rtenos™  beSins  '<>  contract  imme- 
times  found  it  c Id  on  he  eiihu!  SS^*"^  three  °r  f°Ur  ^  some- 
examined,  and  on  the  tenU,  hL  ;^  ?    nl  °bhterated  *  one  half  the  cases 


PULMONARY  VESSELS. 
pulmonary  artery  and  veins 

bulumorcSnu.arterio.™  ^^"1^,  Jt  afSe S  from  the  iufundi- 
uearly  two  inches  upwards  and I  at  fC  I  '  T*  PaSSeS  for  the  sPa<*  of 
Bide,  to  reach  the  ooZ^tTof  L^T  *"?  bacWds  aud  to  ^  ^ft 
right  and  left  branches.  The  mode  0?^°  i* '  '  ?  '*  divid<3S  int°  its 
to  the  base  of  the  ventricle  h,?  nl  1  a"achment  of  the  pulmonary  artery 
of  its  commencement ^ZSS^^J^  At  2*  sil 

the  aorta,  and  close  to  its  sWes  are  Th  t  ™7-  ^  ^iD^  from 
w  at  first  in  front  of  the  aortf  ™  1  T°  auncular  appendages.  It 

but  higher  up,  where  it  lies  Tfl^ZTfV^  ^  °f  that  Ves8el  I 
left  side  of  the  asceivliu-  aort-i  •  1  ,?  left  aUncle>  cr°sses  to  the 
part  of  the  arch.     The  pulmonarv  J?.        ^  P>Ced  b<3Ueath  the  transverse 

PUimouaiy  artery  and  the  aorta  are  united  together 
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by  connective  tissue  and  by  the  serous  layer  of  the  pericardium,  which  for 
the  space  of  about  two  inches  forms  a  single  tube  around  both  vessels. 
Rather  to  the  left  of  its  point  of  bifurcation  it  is  connected  to  the  under 
side  of  the  aortic  arch  by  means  of  a  short  fibrous  cord,  which  passes 
obliquely  upwards,  backwards,  and  to  the  left.  This  is  the  remains  of  the 
ductus  arteriosus,  a  large  vessel  peculiar  to  the  foetus,  which  has  been 
already  described. 

The  two  branches  of  the  pulmonary  artery. — The  right  branch,  longer  and 
somewhat  larger  than  the  left,  runs  almost  transversely  outwards  behind 
the  ascending  aorta  and  the  superior  vena  cava  into  the  root  of  the  right 
lung,  where  it  immediately  begins  to  divide  in  the  usual  manner  of  arteries. 
The  left  branch,  shorter  than  the  right,  passes  horizontally  in  front  of  the 
descending  aorta  and  left  bronchus  into  the  root  of  the  left  lung,  to  undergo 
its  ramification. 

The  right  and  left  pulmonary  arteries,  at  the  root  of  the  lung,  both  He 
in  front  of  the  bronchus  and  behind  the  veins.  On  the  right  side  the 
bronchus  is  highest  and  the  veins  lowest,  while  on  the  left  side  the  bronchus 
sinks  to  a  level  between  the  artery  and  veins. 

Pulmonary  Veins. — The  pulmonary  veins,  which  convey  the  red  blood 
back  from  the  lungs  to  the  left  side  of  the  heart,  ultimately  converge  into 
four  short  venous  trunks,  which  are  found,  two  on  each  side,  in  the  root  of 
the  corresponding  lung.  The  two  veins  of  the  right  side,  which  are  longer 
than  those  of  the  left,  pass  below  the  right  pulmonary  artery,  and  behind 
the  superior  vena  cava,  the  right  auricle,  and  the  aorta,  to  enter  the  left 
auricle.  Not  unfrequently  a  third  smaller  vein  exists  on  the  right  side. 
The  two  left  pulmonary  veins  run  a  shorter  course  to  reach  the  auricle, 
passing  in  front  of  the  descending  aorta. 


SYSTEMIC  VESSELS. 
ARTERIES. 

THE  AORTA. 

The  aorta,  the  large  main  trunk  of  the  systemic  arteries,  is  situated  partly 
within  the  thorax  and  partly  in  the  abdomen.  It  commences  at  the  left 
ventricle  of  the  heart,  and  after  arching  over  the  root  of  the  left  lung, 
descends  in  front  of  the  vertebral  column,  and  passing  through  the  diaphragm 
into  the  abdominal  cavity,  ends  opposite  the  fourth  lumbar  vertebra,  by 
dividing  into  the  right  and  left  common  iliac  arteries.  In  this  course  the 
aorta  forms  a  continuous  undivided  trunk,  which  gradually  diminishes  in 
size  from  its  commencement  to  its  termination,  and  gives  off  larger  or 
smaller  branches  at  various  points.  Different  parts  of  the  vessel  have 
received  particular  names,  derived  from  their  position  or  direction  : — the 
following  are  generally  recognized,  viz.,  the  arch  of  the  aorta,  the  thoracic 
aorta,  and  the  abdominal  aorta.  The  short  curved  part,  which  reaches 
from  the  ventricle  of  the  heart  to  the  side  of  the  third  dorsal  vertebra,  is 
named  the  arch;  the  straight  part,  which  extends  from  that  vertebra  to  the 
diaphragm,  is  called  the  thoracic  aorta  ;  and  the  remainder  of  the  vessel, 
down  to  its  bifurcation,  is  designated  the  abdominal  aorta. 

Arch  of  the  Aorta. 
The  arch  of  the  aorta  commences  at  the  upper  part  or  base  of  the  left 
ventricle  of  the  heart,  behind  the  pulmonary  artery.     At  first  it  passes 
upwards  and  to  the  right  side,  somewhat  in  the  direction  of  the  heart 


THE  AORTIC  ARGIL 


633 


itself,  and  crosses  obliquely  behind  the  sternum,  approaching  at  the  samo 
time  more  nearly  to  that  bone.    Having  gained  the  level  of  the  upper 


Fig.  249.  — View  of  the 
Aorta  from  bkfork, 
with  tije  first  part 
of  its  principal 
branches  dissected 
out  of  the  Body 
(from  R.  Quain).  £ 

1,  commencement  of 
the  aorta  at  the  plaoe 
where  it  has  been  sepa- 
rated from  the  left  ven- 
tricle, showing  below  the 
semilunar  valves  closed, 
in  front  and  at  the  sides 
the    dilatations  corre- 
sponding to  these  valves, 
or  sinuses  of  Valsalva, 
and   above    these  the 
origin  of  the  right  and 
left  coronary  arteries  ; 
2,  the  ascending  part  of 
the  arch,  with  the  dilata- 
tion termed  sinus  of  the 
arch  ;  3,  the  back  of  the 
arch,  or  termination  of 
its  descending  portion  ; 
4,    innominate   artery  ; 
fi,  left  carotid ;  6,  left 
subclavian;   7,  hollow 
of  the  arch,   and  far- 
ther  down  the  aorta, 
7,  7,  indicate  two  out 
of  the  series  of  inter- 
costal arteries :  the  eso- 
phageal arteries  are  also 
seen    rising  from  the 
front   of  the  thoracic 
aorta  ;  8,  8,  right  and 
left  renal  arteries  ;  9, 
'•'»  right  and  left  com- 
mon iliac  arteries ;  10, 
middle  sacral    artery  ; 
11,  marks  one  of  the 
inferior  diaphragmatic 
arteries  ;  +,  the  eceliac 
axis;  12,    the  gastric 
artery;  13,  the  hepatic; 
34,  the  spbenic ;  15 
superior  _    mesenteric '; 

16,  inferior  mesenteric; 

17,  riL'ht  and  left  sper- 
matic arteries. 

Fig.  250.— View  of  Tns 
Aorta  from  behind, 

WITH    ITS  PRINCIPAL 
BRANCHES    (from  R 

Quain),  $ 


Fig.  249. 


Fig.  250. 


The  numbers  have  the  same  sirm;finnf         •  x, 
left  intercostal  arteries  close  to  each  Z  er  'and  nJrfl  **a  J''0,  °risin  of  U,e  ^  ™* 
shown.  an«  near  the  middle  of  the  aorta  posteriorly  i3 
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border  of  the  second  costal  cartilage  of  the  right  side,  the  vessel  alters  its 
course,  and  is  directed  upwards,  backwards,  and  to  the  left  side,  then 
directly  backwards,  in  contact  with  the  trachea,  to  the  left  side  of  the  body 


Fig.  251. 


Fig.  251. — View  op  the 
Thoracic  and  upper 
part  of  the  abdominal 
Aorta,  showing  their 
relations  and  principal 
branches  ;  together 
with  a  sketch  op  the 
first  parts  of  the  ca- 
ROTID and  Subclavian 
Arteries,  i 

The  first  ribs  have  been 
removed  in  front  of  the 
attachment  of  the  scalenus 
anticus  muscles,  and  '  are 
supposed  to  be  drawn  some- 
what apart ;  the  rest  of  the 
ribs  down  to  the  eleventh 
are  divided,  along  with  the 
intercostal  muscles,  at  some 
distauce  outsidetheir  angles ; 
the  internal  intercostal  mus- 
cles are  left  in  all  the  spaces 
excepting  the  seventh  and 
eighth,  in  which  they  are 
removed  so  as  to  expose  the 
external  layer.  The  dia- 
phragm has  been  cut  trans- 
versely near  its  crura,  and 
the  part  left  behind  is  sup- 
posed to  be  stretched  up- 
wards and  to  the  sides. 

a,  the  front  of  the  hyoid 
bone  ;  b,  placed  on  the 
anterior  scalene  muscles, 
points  to  the  upper  part  of 
the  pneumogastric  nerves  ; 
c,  the  trachea  below  the 
isthmus  of  the  thyroid 
gland,  and  lower  down  the 
same  letter  is  on  the  left  bron- 
chus ;  c',  one  of  the  divisions 
of  the  right  bronchus  emerg- 
ing from  behind  the  aorta  ; 
in  the  hollow  of  the  aortic 
arch,  above  5,  are  seen  the 
cord  of  the  ductus  arteriosus 
cut  short,  and  the  left  re- 
current nerve  passing  below 
the  arch  ;  + ,  is  placed  on  the 
right  side  between  the  re- 
current nerve  and  the  ver- 
tebral artery  as  they  pass 
upwards ;  d,  the  cesophagus ; 
e,  upon  the  right  crus  of  the 
diaphragm,  and  farther 
down  d,  mark  the  recepta- 
culum  chyli  of  the  thoracic 
duct,  and  its  commencement 


FORM  OF  THE  AORTIC  ARCH.  335 

veins  of  the  right  side  ;  g,  kidney,  g',  suprarenal  body  ;  h,  body  of  the  fourth  lumbar 
vertebra. 

/,  sinus  of  the  aortic  arch  or  ascending  part  of  the  arch  :  below  this  the  semilunar 
valves  are  seen  closed  and  distended  by  injection  ;  posterior  part  of  the  arch,  upon 
which  the  left  pneurao-gastric  nerve  is  seen  descending  ;  I",  descending  thoracic  part  of 
the  aorta  ;  If,  abdominal  aorta  emerging  from  between  the  crura  of  the  diaphragm  and 
descending  to  near  its  termination. 

Branches  of  the  arch  and  thoracic  aorta ;  1,  right  and  left  coronary  arteries  ;  2,  inno- 
minate ;  3,  left  carotid ;  4,  left  subclavian  ;  5,  bronchial  arteries ;  6,  6,  oesophageal 
arteries  :  the  lower  figure  points  by  a  line  to  the  thoracic  duct ;  7,  intercostal  arteries 
marked  in  the  sixth  and  seventh  intercostal  spaces. 

Branches  of  the  abdominal  aorta  ;  8,  inferior  diaphragmatic  arteries  cut  short  ■  9 
cceliac  axis  with  the  gastric,  splenic,  and  hepatic  arteries  cut  short ;  10,  placed  on'tbe 
aorta  below  the  superior  mesenteric  artery  (cut  short)  and  the  origin  of  the  renal  arteries  ■ 
a  little  below  this  the  origin  of  the  spermatic  arteries  ;  below  II,  the  inferior  mesenteric 
artery,  11,  11,  two  of  the  lumbar  arteries. 

Branches  of  the  carotid  arteries  ;  the  greater  part  of  the  right  carotid  artery  has  been 
removed  to  show  the  ascent  of  the  vertebral  artery  in  the  canal  of  the  transverse  pro- 
cesses ;  +  is  placed  between  the  vertebral  artery  and  the  recurrent  laryngeal  nerve  -  3' 
internal  carotid  artery;  4,  commencement  of  the  external  carotid  artery  j  close  to 'this 
the  superior  thyroid  artery  is  given  off,  which  is  seen  descending  to  the  larynx  and 
thyroid  body;  5,  the  lingual  and  facial  arteries;  6,  continuation  of  the  external 
carotid,  &c. 

Branches  of  the  subclavian  arteries  ;  on  the  right  side  the  middle  part  of  the  scalenus 
anticus  muscle  is  removed  ;  on  the  left  the  figure  4  is  placed  close  to  the  origin  of  the 
four  following  vessels  ;  5,  vertebral ;  6,  internal  mammary ;  7,  thyroid  axis  ■  7'  its 
supra  scapular  branch  ;  7",  its  transverse  cervical  branch  ;  8,  superior  intercostal  artery 
supplying  two  spaces  on  the  right  side  and  one  on  the  left,  rising  in.  common  with  the 
deep  cervical  which  turns  upwards  behind  the  subclavian  artery  ;  9,  a  posterior  scapular 
artery  rising  from  the  third  part  of  the  subclavian.  ^ 

of  the  second  dorsal  vertebra.  Arrived  at  that  point,  it  bends  downwards 
inclining,  at  the  same  time,  a  little  towards  the  middle  line  •  and  at  the 
lower  border  of  the  body  of  the  third  dorsal  vertebra,  on  its  left  side  the 
arch  terminates  in  the  descending  portion  of  the  vessel.  At  its  origin.'  the 
arch  of  the  aorta  is  larger  than  elsewhere,  and  presents  externally  three 
small  bulgmgs  of  nearly  equal  size,  corresponding  with  the  dilatations 
which  form  the  sinuses  of  Valsalva  or  of  the  aortic  valves,  already  described 
with  the  heart.  Two  of  these  sinuses  are  placed  anteriorly  and  one 
posteriorly,  and  m  the  two  anterior  sinuses  are  seen  the  orifices  of  the  two 
coronary  arteries  of  the  heart,  the  first  branches  given  off  by  the  aorta 

From  the  difference  in  the  direction  and  connections  of  different  portions 
of  the  arch  it  is  described  as  consisting  of  an  ascending,  a  transverse,  and  a 
descending  portion.  '    M  1 

The  ascending  portion  of  the  arch  of  the  aorta  is  placed  at  its  commence- 
ment behind  the  sternum,  on  a  level  with  the  lower  border  of  the  third 
costal  cartilage  of  the  left  side  ;  and  it  rises  as  high  as  the  upper  border  of 
the  second  costal  cartilage  of  the  right  side.  Its  le°ngth  is  about  twTuTches 
or  two  mches  and  a  quarter  ;  and  its  direction  is  curved 

In  most  cases  there  exists  along  the  right  side  a  dilatation  named  the 
great  sinus  of  the  aorta.    This  dilatation  varies  in  size  in  ^  * 

and  occasionally  is  not  to  be  detected.  b°dl6a' 

This  portion  of  the  aortic  arch  is  enclosed  in  •  i- 

together  with  the  p„lm„„ary  ^  i   investd by a  S^T' 
layer  of  that  Ug,  m  such  a  mannef'that  both  a ™  «  £T 
aerons  membrane,  except  where  they  are  in  eontaet  with  ea*  other  * 

U  farther  n/tho  ^XX^ff^^Si 
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to  the  left,  and  thus  the  aorta  comes  into  view.  It  approaches  very  near  to 
the  sternum,  from  which  it  is  separated  only  by  the  pericardium,  by  some 
connective  tissue,  and  by  the  remains  of  the  thymus  gland  lodged  in  the 
mediastinal  space  :  higher  up,  the  descending  vena  cava  lies  on  the  right 
side,  and  the  pulmonary  artery  passes  backwards  on  the  left ;  while  behind 
are  placed  the  right  branches  of  the  pulmonary  vessels. 

The  second  or  transverse  part  of  the  arch  is  covered  on  the  left  side  by 
the  left  pleura  and  lung,  and  is  placed  immediately  in  front  and  to  the 
left  of  the  trachea,  before  its  bifurcation  into  the  bronchi :  it  touches  like- 
wise the  oesophagus  posteriorly.  The  upper  border  of  the  transverse  part 
of  the  arch  has  in  contact  with  it  the  left  iimominate  vein  ;  and  from 
it  are  given  off  the  large  arteries  (innominate,  left  carotid,  and  left  sub- 
clavian), which  are  furnished  to  the  head  and  the  upper  limbs.  The  lower 
or  concave  border  overhangs  the  bifurcation  of  the  pulmonary  artery,  and 
is  connected  with  the  left  branch  of  that  artery  by  the  remains  of  the 
ductus  arteriosus.  At  or  near  its  end  this  part  of  the  arch  is  crossed  in 
front  by  the  left  vagus  and  phrenic  nerves,  with  some  offsets  of  the  sympa- 
thetic ;  and  the  recurrent  laryngeal  branch  of  the  vagus  turns  upwards 
beneath  and  behind  it. 

The  descending  portion  of  the  arch  rests  against  the  left  side  of  the  body 
of  the  third  dorsal  vertebra,  and  is  covered  by  the  left  pleura.  To  the 
right  side  of  this  part  of  the  arch  is  the  oesophagus  with  the  thoracic  duct. 

Branches.  — The  branches  given  off  from  the  arch  of  the  aorta  are  five  in 
number.  Two  of  these,  named  the  coronary  or  cardiac  arteries,  com- 
paratively small,  arise  from  two  of  the  sinuses  of  Valsalva,  and  are  distri- 
buted to  the  walls  of  the  heart.  The  other  three  are  large  primitive  trunks, 
which  supply  the  head  and  neck,  the  upper  limbs,  and,  in  part,  the  thorax, 
and  usually  arise  from  the  middle  or  highest  part  of  the  arch,  in  the  follow- 
ing order  : — first,  the  innominate  or  brachiocephalic  artery,  which  soon  sub- 
divides into  the  right  subclavian  and  the  right  carotid  arteries  ;  second,  the 
left  carotid ;  and,  third,  the  left  subclavian  artery.  The  origin  of  the  left 
carotid  artery  is  usually  somewhat  nearer  to  the  innominate  artery  than  it  is 
to  the  subclavian  artery  of  its  own  side. 

Peculiarities.— (For  more  extended  information  on  the  peculiarities  of  the  aorta 
and  of  the  blood-vessels  in  general,  the  student  is  referred  to  "  The  Anatomy  of  the 
Arteries,"  by  Richard  Quain,  London,  1844.)  .  . 

I.  Peculiarities  of  the  Arch  itself. 

Variations  in  height. — The  arj:h  sometimes  reaches  very  nearly  as  high  as  the  top 
of  the  sternum.  Occasionally  it  has  been  found  an  inch  and  a  half  below  that  level, 
and  in  rare  instances  as  much  as  three  inches  below  it. 

Double  arch. — This  very  rare  variety  has  been  known  to  occur  in  two  forms.  In 
both  of  these  the  trachea  and  oesophagus  passed  through  the  circle  formed  by  the  two 
divisions  of  the  arch,  which  united  behind  them.  In  one  form  the  arch  retained  its 
inclination  to  the  left  side ;  the  pulmonary  artery,  placed  in  its  proper  position,  was 
united  to  the  left  division  of  the  aorta  by  the  obliterated  ductus  arteriosus ;  and 
from  each  division  of  the  arch  two  branches  arose,  the  carotid  and  subclavian.  In 
the  other  form  a  symmetrical  ring  was  completed  by  the  two  divisions,  each  giving 
rise  to  three  vessels— subclavian,  and  external  and  internal  carotid ;  while  the  pul- 
monary artery  dipped  into  the  oircle  from  above,  and  sent  out  its  branchos  beneath  it. 

Right  arch. —  Arching  of  the  aorta  to  the  right  side  has  beon  observed  to  occur  in 
three  different  forms.  1st.  Accompanying  total  transposition  of  the  heart  and 
viscera.  2nd.  Occurring  without  transposition  of  other  parts,  and  with  the  left  in- 
nominate artery,  right  carotid,  and  right  subclavian  given  off  in  succession.  3rd. 
Occurring,  in  like  manner,  without  transposition  of  other  parts,  its  first  branch  being 
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the  left  common  carotid,  the  second  the  right  common  carotid,  the  third  the  rieht 
subclavian,  and  the  fourth  the  left  subclavian,  passing  behind  the  oesophagus  to 
reacli  its  destination.  0 

II.  Peculiarities  affecting  (he  Primary  Branches. 

The  situation  of  the  branches.— Instead  of  springing  from  the  highest  part  of  the 
arch,  the  branches  are  frequently  moved  altogether  to  the  right,  and  take  origin  from 
the  commencement  of  the  transverse  portion,  or  even  from  the  end  of  the  ascending 
portion  of  the  arch.  In  the  ordinary  arrangement  the  origin  of  the  left  carotid  is 
nearer  to  the  innominate  than  to  the  left  subclavian;  but  the  branches  sometimes 
arise  at  equal  distances  from  each  other,  or  are  unusually  widely  apart.  A  verv 
frequent  change  consists  in  the  approximation  of  the  left  carotid  towards  the  in- 
nominate  artery. 

The  number  and  arrangement  of  the  brandies.-These  are  extremely  various  The 
most  frequent  ch  t  w^  .  fcheir  redmt.on  tQ        from  J  •  0 

united  m  a  common  trunk  with  the  innominate  artery.    In  cases  of  rare  occurrence 
the  carotid  and  subclavian  arteries  of  the  left  side,  as  well  as  those  of  the  St' 
are  conjoined  in  an  innominate  artery.  lffnt' 
On  the  other  hand,  the  number  of  the  primary  branches  has  been  found  fa,  h„ 

f7'  .'V116  Sepamti°n'  "  it  W™  °{  the  i-UiLSTrt  ryfnt  the 
right  carotid  and  subclavian  arteries,  both  arising  directly  from  the  aorta    In  Co 
cases,  the  ngh  subclavian  artery  is  most  frequently  the  last  branch  gWen  off  pro 
ceeding  from  the  back  part  of  the  arch,  and  passing  behind  the  oesophagus  to  reach 
ts  destination;  but  sometimes  it  is  given  off  in  its  proper  order,  as  the  first  branch 
and  in  rare  instances,  it  has  been  the  second  or  third  branch  riwn  i  n  vi 
case  it  has  passed  behind  those  which  preceded  it,  to  reach  thl "Lb  '  *  M 

ln*tances,in  which  the  right  subclavian  is  the  last  vessel' given  off  and  in 
TiV     I  abfT-al  arran?ements>  a  Pouch-like  dilatation  is  sometime  "found 

on  the  arch  which  18  a  vestige  of  the  right  aortic  root,  and  is  accounted  fo hv  tit 
changes  in  development  which  have  led  to  the  unusual  disposi  ion 0 th ^  branches, 
A  remarkable  variety  is  on  record  in  which  thA  o™*„  i-  -i  V  ,  Drancnes. 
vessels,  as  is  the  usual  arrangement  soml tdruoeds 5l  tb'     t  *   T*  "V™ 
neck,  and  upper  limbs,  taking  origin  by  a £fi    i?  ,the  head' 

SJtsT       wrsfta^  tt:  mjs: 

4VaS» 

and  the  two  subclavian  separatelylthe  right  subcHvL  *  ?  C°mm0n  tmnk> 

transferred  beyond  ^o^rJ^^U^^J^  ^  ^ 

III.  Peculiarities  in  which  one  or  more  Secondary  Branches,  usually  given  from 
the  Subclavian,  are  derived  directly  from  the  Aorta.      ?  ^ 

In  nearly  all  instances  belonging  to  this  section  thP™  ;a  n„i„ 
taking  origin  from  the  aorta;  and  the  oZ^'^^^0  """"J"*  bran<* 
arrangement  of  the  primal  branches,  0 ^  cTexfft  with  a  the  ordinary 

increase  in  their  number.    The  additional  bZT^hcX  ^^  7  ^ 
posed,  is  almost  invariably  the  left  vertebral  wi  l  l  in        ,    T^1  arter^  trans- 
between  the  left  carotid  and  left  l£^^™^£  Ca«es 

theX  Wr0^^  found  ascending  to 


ui,u'"  "uuicnes  nas  become  olwfrnnto.l      „„  1    e  7  , ,.'„  J  oui'i'"»i«g  mat  one 
tion  has  been  carried  on  by  SI  peStent r«S    I   ,       ***  the 
otherwise  would  have  been  obliterated  °f  th°  °riginal  ves8ela  wWoh 

Thus  in  the  ease  of  double  aortic  «,c/t,  both  the  fourth  branchial  vascular  arches 
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remain  pervious :  in  a  case  of  right  aortic  arch,  the  fourth  arch  of  the  right  side, 
instead  of  that  of  the  left,  has  remained  pervious  and  has  taken  on  permanent  deve- 
lopment, while  at  the  same  time  adjusting  deviations  from  the  usual  process  of 
development  have  occurred  in  parts  of  the  other  arches,  which  lead  to  a  left  in- 
nominate being  the  first  great  vessel  rising  from  the  arch,  and  to  the  right  carotid 
and  right  subclavian  arteries  rising  later  in  succession.  Thus,  too,  transference  of 
the  right  subclavian  artery  from  its  usual  connection  with  the  innominate  of  a  natural 
left  aortic  arch  to  the  fourth  place  of  origin,  and  its  remarkable  passage  behind  the 
trachea  and  gullet,  may  probably  proceed  from  the  obstruction  of  the  part  of  the 
fourth  right  arch  which  unites  the  aortic  bulb  with  the  aortic  root,  and  is  accompanied 
by  persistence  of  the  aortic  root  itself  extending  from  the  main  aorta  below  upwards 


Fig.  252. 


Fig.  252. — Diagrams  to  illustrate  the 
relation  of  some  abnormal  disposi- 
tions of  the  aortio  arch  and  its 
Branches  to  the  Normal  Condition. 

(I)  The  normal  disposition  as  illus- 
trated by  Fig.  245,  p.  326;  (II),  an 
abnormal  right  aortic  arch  ;  (III),  a  left 
aortic  arch  with  the  right  subclavian  artery 
displaced  to  the  right  aortic  root  ;  (IV), 
an  abnormal  right  aortic  arch  with  the 
left  subclavian  displaced  to  the  left  aortic 
root.  Upper  A,  ascending  part  of  the 
aortic  arch  ;  lower  A,  descending  thoracic 
aorta  ;  P,  pulmonary  trunk  ;  d,  ductus 
arteriosus ;  a,  right  aortic  root  or  its  re- 
mains ;  a',  left  aortic  root  ;  c,  common 
carotid  arteries  ;  i,  innominate  artery  ; 
s,  right,  and  s',  left  subclavian  arte- 


ries ;  v, 
ai teries. 


right,  and  v',    left  vertebral 


to  the  subclavian  artery.  The  similar 
transference  of  a  left  subclavian  artery, 
in  combination  with  the  anomaly  of 
a  right  aortic  arch,  may  be  due  to  similar 
abnormal  states  of  development  occur- 
ring on  a  different  side.  So,  also,  many 
of  the  other  less  marked  variations  in 
the  number  and  position  of  the  perma- 
W  branches  proceeding  from  the  aortic  arch  probably  owe  their  origin  to  cognate 
^^trS  the  usufl  process  of  change  in  those  parts  of  the  ongmal  vascular 

dSo^:: Z  lilt  ise  enabled  to  understand  how  the  right 
Soutof^ 
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THE  CORONARY  ARTERIES. 

The  coronary  or  cardiac  arteries  are  two  small  vessels,  named  rigl it  and 
lefl?^T  J£  from  the  root  of  the  aorta  in  the  upper  parts  of  the 
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anterior  of  the  three  sinuses  of  Valsalva,  on  a  level  with  the  margins  of 
the  semilunar  valves. 

The  right  coronary  artery,  about  the  size  of  a  crow's  quill,  runs  obliquely 
towards  the  right  side  of  the  heart,  lodged  in  the  groove  which  separates 
the  auricle  from  the  ventricle.  It  continues  its  course  in  the  same  groove, 
along  the  posterior  aspect  of  the  organ,  until  it  reaches  the  line  of  separation 
between  the  two  ventricles,  where  it  divides  into  two  branches.  The  smaller 


Fig.  253. 


Fig.  253. — View  op  tite  Heart  and 
Coronary  Arteries  prom  before  (from 
R.  Quain).  $ 

The  pulmonary  artery  Las  been  cut  short 

close  to  its  origin  in  order  to  show  the  first 

part  of  the  aorta.    1,  anterior  part  of  the 

right  ventricle  ;  2,  left  ventricle  ;  3,  root  of 

the  pulmonary  artery  ;  4,  ascending  part  of 

the  arch  of  the  aorta ;  4',  the  posterior  or 

descending  part  of  the  arch  ;  between  these 

is  seen  the  transverse  or  middle  part  from 

which  the  brachiocephalic  arteries  take  their 

origin ;  4",  the  descending  thoracic  aorta  ; 

5,  the  appendix  and  anterior  part  of  the 

right  auricle  ;  6,  those  of  the  left  auricle  ; 

7,  the  right,  and  T,  the  left  innominate  or 
brachio-cephalic  veins  joining  to  form  the 
vena  cava  superior  ;  8,  the  inferior  vena 
cava  below  the  diaphragm ;  9,  one  of  the 
large  hepatic  veins  ;  +,  placed  in  the  right 
auriculo-ventricular  groove,  points  to  the 
right  or  posterior  coronary  artery  ;  +  + 
placed  in  the  anterior  inter-ventricular 
groove,  points  to  the  left  or  anterior  coronary 
artery.  J 

of  these  continues  transversely  in  the 
groove  between  the  left  auricle  and 
ventricle,  approaching  the  termina- 
tion of  the  transverse  branch  of  the 
left  coronary  artery  ;  while  the  other 
branch  runs  longitudinally  downwards 

^^rS^*^^*"*  ?esideSth*  off-ts  already 
first  part  of  the  pu TmoL n Al*™"?  and  Venfcricle>  »™d  also  to  the 
a  rather  large  bran  oh  n^l^L/  ?S  Wer  °f  the  TOnt™l° 

gives  ofTsetf,  in  to^^  f^Z  *™'  he  aPeX  of  the  ^art,  and 
ventricle.  P  8     '  *°  the  mtenox  and  Posterior  surfaces  of  the 

left  side  of  the  ?  ^  a"d  then  to  ^ 

left  auricular  append* At &  r?  VeSSo1  and  th° 

interventricular^  °hhf^Y  towards  the  anterior 

pursues  a  transverse  d  rlct  on  turZ     ?     '7°  °f  these>  ono 

groove  between  the  lef  ve^trLT  g  T™*?  t0  the  left  side  in  «»e 
posterior  aspect  of  the  heart  Z  aUn,Cle'  and  broaching  at  the 

artery;  the"  other  bLc^  J ch  ^  °f,  ^  -™ary 

'      UCU  the  larSer,  descends  on  the  anterior 
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surface  of  the  heart  along  the  line  of  tho  interventricular  groove,  to 
the  right  of  the  apex. 

The  left  ooronary  artery  supplies  some  small  branches  at  its  commence- 
ment to  the  pulmonary  artery,  to  the  coats  of  the  aorta,  and  to  the  left 
auricular  appendage  ;  its  two  branches  also  furnish  throughout  their  course 
smaller  offsets,  which  supply  the  left  auricle,  both  ventricles,  and  the 
interventricular  septum. 

It  has  been  customary  to  describe  the  transverse  branches  of  the  coronary  arteries 
as  anastomosing  in  the  left  auriculo-ventricular  sulcus,  and  the  descending  branches 
as  anastomosing  near  the  apex  of  the  heart,  and  this  description  was  never  doubted 
till  it  was  found  by  Hyrtl,  as  the  result  of  separate  injection  of  the«e  vessels,  that 
the  branches  of  one  coronary  artery  cannot  be  injected  with  material  introduced  into 
the  other.    (Nat.  Hist.  Review,  1861,  p.  321.) 

Peculiarities.— The  coronary  arteries  have  been  observed  in  a  few  instances  to 
commence  by  a  common  trunk,  from  which  they  diverged  and  proceeded  to  their 
usual  destination.  The  existence  of  three  coronary  arteries  is  not  a  very  rare  occur- 
rence, the  third  being  small,  and  arising  close  by  one  of  the  others.  Meckel,  in  one 
instance,  observed  four,  the  supplementary  vessels  appearing  like  branches  of  one 
of  the  coronary  arteries  transferred  to  the  aorta. 


THE  INNOMINATE  ARTERY. 

The  innominate,  or  bracUo-cephalic,  artery,  the  largest  of  the  vessels 
which  proceed  from  the  arch  of  the  aorta,  arises  from  the  commencement  of 
the  transverse  portion  of  the  arch,  before  the  left  carotid  artery.  From  this 
point  the  vessel  ascends  obliquely  towards  the  right,  until  it  arrives  opposite 
the  sterno-clavicular  articulation  of  that  side,  nearly  on  a  level  with  the 
upper  margin  of  the  clavicle,  where  it  divides  into  the  right  subclavian  and 
the  right  carotid  artery.  The  place  of  bifurcation  would,  in  most  cases,  be 
reached  by  a  probe  passed  backwards  through  the  cellular  interval  between 
the  sternal  and  clavicular  portions  of  the  stemo-mastoid  muscle  lne 
length  of  the  innominate  artery  is  very  variable,  but  usually  ranges  from  an 
inch  and  a-half  to  two  inches. 

This  artery  lying  for  the  most  part  within  the  thorax,  is  placed  behind 
the  first  bone  of  the  sternum,  from  which  it  is  separated  by  the  sterno- 
hyoid and  sterno-thyroid  muscles,  and  a  little  lower  down  by  the  left 
hfnominate  vein,  which  crosses  the  artery  at  its  root  The  lower  part  of 
^innominate  artery  lies  in  front  of  the  trachea  which  it  crosses  < .bhcpiel 
on  its  left  side  is  the  left  carotid  artery,  with  the  thymus  gland  or  its 
remaius  ;  and  to  the  right  is  the  corresponding  innominate  vein  and  the 

pleura.  .  ' 

No  branches  usually  arise  from  this  vessel. 

Vkculiarittes  -The  length  of  the  innominate  artery  sometimes  exceeds  two 
this  vessel  has  been  obsened  to  s uppiy       >     descends'in  front  of  the  trachea. 
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or  absence  of  the  other  thyroid  arteries.  It  ascends  to  its  destination  in  front  of  the 
trachea,  and  its  presence  might  therefore  complicate  the  operation  of  tracheotomy. 

COMMON  CAROTID  ARTERIES. 

The  common  or  primitive  carotid  arteries  of  the  right  and  left  sides  of 
the  body  are  nearly  similar  in  their  course  and  position  whilst  they  are  in 
the  neck;  but  they  differ  materially  in  their  place  of  origin,  and  conse- 
quently in  their  length  and  position,  at  their  commencement.  On  the 
right  side  the  carotid  artery  commences  at  the  root  of  the  neck  behiud 
the  upper  part  of  the  sterno-clavicular  articulation,  at  the  bifurcation  of  the 
innominate  artery  •  but  on  the  left  side  the  carotid  arises  within  the  thorax 
f-om  the  highest  part  of  the  arch  of  the  aorta,  very  near  the  origin  of  he 
innominate  artery.  The  left  carotid  is  therefore  longer  than  the  i£ht  and 
it  is  at  first  placed  at  some  depth  within  the  thorax  g  ' 

In  consequence  of  this  difference,  it  is  convenient  to  describe  at  first 
the  thoracic  portion  of  the  left  carotid,  or  that  part  which  hiterve  ies 
between  the  arch  of  the  aorta  and  the  sterno-clavicular  articulation  -Xr 
«  hich  he  same  description  will  suffice  for  both  vessels  ' 

Wtihm  the  thorax,   the  left  carotid  ascends  obliquely  behind  and  at 
some  distance  from  the  upper  piece  of  the  sternum  and  the  muscle" 
(sterno-hyoxd  and  sternothyroid)  connected  with  that  part  of  the  bone  it 

and  is^ed'b1; 

trachea,  and  of  the  oesophagus  w£ch  at  the  roo t  Z  f  "  l^f  °f  the 
little  to  the  left  side  ;  the  L^SM^1^  f  ^ 

external  and  internal  carotid  aZieT  >       *  resPecti^7  the 

t^S  -tery  along  the  side  of 

to  a  point  midway  between  £e  *X  of  ^.?*«^*» 

the  temporal  bone.    At  the  root  of  thl  i J  «           6  mast°ld  Process  of 

are  separated  from  each other  ^ <*  ^es 

with  the  width  of  the  tracing buT  L  «  °W,  1UterVa1'  responding 

a  much  larger  interval^^  °~  bj 

larynx.  The  carotid  arteries  Wp  «,«  n  breadth  of  the  pharynx  and 
back  at  the  upper  than  at  «    W^fT""  f  ^  PlaCed  Mier 

projection  of  the  larynx  above          P  DeCk'  °win=  to  the  fo™ard 

^hL7ZZZ°ZTt7:"  eDd0Sed'  t0^er  •»  ^  internal  jugular 
-tb  the  deep  Seal  ScT^  1™?^°"  C°»£™ 
the  surrounding  parts,  except  the  vein  and^3  *  sheath  ^om  all 
carotid  artery  is  deeply  phJd  afSJ  wJ^rtTt  h  ^  rf^'  the 
paratively  superficial  towards  its  unJr  /  rf-  he  neck'  but  13  <=om- 
stemo-mastoid,  sterno-hyoid,  and  sterno  tW*-/   *  below  by  the 

platysma  and  the  layers  of  Lcia  h.uT  ,f  mUSCles>  in  addition  to  the 
is  crossed  opposite  or  near  t  in  l^T  "     •   be"eath  «"»  ;  and  it 

lower  margin  of  the  cricoid  cartilage  by 
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the  omohyoid  muscle.  From  this  point  upwards  to  its  bifurcation,  the 
vessel  is  covered  by  the  sterno-mastoid,  by  the  platysnia'  and  fascia,  and 
by  the  common  integument ;  and  lies  in  a  triangular  space  bounded  by  the 
sterno-mastoid,  the  omo-hyoid,  and  the  digastric  muscles. 

Fig  254. 


Fie  254  -View  of  the  R.ght  Common  Carotid  and  Subclavian  Arteries,  with 
the  Origin  op  their  Branches  and  their  Relations  (Jrom  B.  Quain).  4 

The  sterno-mastoid,  sternothyroid,  sternohyoid,  and  omo-hyoid  muscles  have  been 
rem  ved  the  trapezius  has  been  'detached  from  the  outer  part  of  the  clav.c  e  a^turned 
Wizards  and  the  inner  part  of  the  clavicle  has  been  removed  :  a,  parotid  glana  near 
{h  pla  e'^rre  theduct  ofStenson  leaves  it  ;  b,  angle  ^>^SSjr.,p£U 
submaxillary  gland,  enclosed  between  the  digaBtric  ^^-hyoid  ^^Jgg* 
upper  part  of  the  sterno-mastoid  muscle;  e,  front  of  the  hyo.d  bone  f,  thy °»  «rt''af^ 
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longns  colli  muscle,  pointing  to  the  pneumogastric  nerve ;  IV,  the  uppermost  of  the  nerves 
of  the  axillary  plexus  ;  A,  the  innominate  artery  ;  1,  right  common  carotid  artery  • 
1  .  placed  on  the  left  sterno-thyroid  muscle,  points  to  a  part  of  the  left  common  carotid  : 
4  internal  carotid  ;  2',  upper  part  of  the  internal  jugular  vein,  which  has  been  removed 
between  h  and  2  ;  3,  and  4,  external  carotid  ;  3,  is  placed  at  the  origin  of  the  superior 
thyroid  artery  ;  4,  at  that  of  the  lingual  :  farther  up  the  vessel  may  be  seen  the  separa- 
tion of  the  sterno-mastoid  twig  and  tbe  facial  and  occipital  branches  from  the  main  vessel  • 
ft,  is  placed  on  the  thyro-hyoid  muscle  between  the  hyoid  and  laryngeal  branches  of 
the  superior  thyroid  artery;  5',  the  thyroid  or  glandular;  6,  the  facial  artery  passing 
over  the  base  of  the  jaw;  7,  the  superficial  temporal  artery  ;  8,  the  first  part,  8',  the 
third  part  of  the  arch  of  the  subclavian  artery;  8",  the  subclavian  vein  separated  from 
the  artery  by  the  scalenus  anticus  muscle,  shown  by  the  removal  of  a  portion  of  the 
clav.cle  ;  9,  is  placed  on  the  scalenus  anticus  muscle  in  the  angle  between  the  trans- 
versahs  coll,  and  supra-scapular  branches  of  the  thyroid  axis ;  10,  outer  part  of  the  supra- 
t^Sf,«"&;*,  '  traufverse  ce7ical  laches  passing  into  the  deep  surface  of  the 
thiKl  ZVnf  .P?   •n01'  scaPulai\artery.  represented  as  rising  directly  from  the 

third  part  of  the  subclavian  artery,  and  passing  through  the  axillary  plexus  of  nerves 

SfcrLf Svroid  ff  °r  ™Sf™rl"\ll>  °nthe  SCalenUS  -ticus  muscle,  poin  s  t  the 
vPn   ff  ^    .      -y  "ear  thf-  Place  Where  the  ending  muscular  artery  of  the  neck  is 
given  off  ;  the  phremc  nerve  lies  on  the  muscle  to  the  outside  ;  at  i,  the  supra-sternal 
twig  of  the  supra-scapular  artery  is  shown.  P  sternal 

Posteriorly,  the  artery  is  supported  by  the  cervical  vertebra,  the  lon-us 
colli  and  rectus  capitis  anticus  muscles  intervening.  Hence  the  flow  of 
b  ood  through  it  may  be  commanded  by  pressure  directed  backwards  against 
iS.C01*  ****  crosses  behind  the 

and^£\L?S  ^  ?77 iU  juxtaP°sition  With  the  trachea  below, 
and  with  the  thyroid  body  (winch  often  overlaps  the  artery),  the  larynx 
and  he  pharynx  higher  up.    Along  its  outer  side  aw  placed  the  inten  d 
jugular  vein  and  the  vagus  nerve.  inieni.il 

mJSfSS?  *!  ^--The  interned  jugular  vein  is  close  to  the  artery  at  the 
Crossing  over  the  upper  part  of  the  common  carotid  artery  to  ioin  wifl, 

is  x  ^  =■£ 

i^^'SS^^S*  br;?h  *  th°  W-l  nerve, 
which  join  it,  oh  S 7f ^  parfo  "th"  /  ^  ^f63  °f  C6rvical  M™ 
crosses  it  from  the  oxitei  to  th  .', ^  °f  the  Carotid  artery>  and 

descends  within  «ie   heath  bl  "**  ''  *?  S°me  instances  thi*  ^nch 

The^ua  ^£tf^J-««  "ft  and  jugular  vein, 
vein  posteriorly  :  it  was  in  on7  ,        1  betWeea  the  arteiT  and 

The  sympathetic  ner.cTplLd  InTtl  dmXmd  °™  the  '^ery. 

the  vertebral  muscles    and  thf    g  °f  the  Sheath>  betwee»  *  and 

behind.the  upper  part  of  the  sheath!  W^  ^  Cr°SSes  iuwaids 

contiuues  ofT^s^  °ff  "0  branch>  and  tlierefore 

a  slight  enlargement  is  observable  °XC8pt  at  itS  bifurcati°u,  where 
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Fig.  255. 


Fig.  255,-DissECTiON  of  the  Right  Side  o*  the  Neck  ^p*"*™0"* 
Triangles,  the  Carotid  abd  Subclavian  Artebies,  &o.  (from  B.  Quain).  £ 

a,  angle  of  the  jaw  and  J-gtf  jj*  CStEM 

belly  of  the  omohyoid  muscle  ;  ^ 

EoV^rJ^ 

subclavian  SKt^SSS 

scapular  artery;  6  external  -""j*^  &^b£?S 
hyoid  muscle,  pouts  to  the  supenor  thyro  ™f  j  tk\nsu i  arterj  ;  9,  placed 
8,  is  placed  upon  the  ^^T^th  ^  occipital' artery, 

on  the  stylo-hyoid  muscle,  indicates  the  ^ml  artery  >        «  «         between  the  occipital 

SKS£2£  ? ^CaSrW  h^stncmuscle  points  to  the 
££^TofC  external  carotid  artery  before  entering  the  parotid  gland. 

The  absence  of  branches  from  the  trunk  of  the  common  carotid  is  connected  with 
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the  original  absence  of  the  neck  in  the  foetus,  and  the  comparatively  late  tWinH 
at  which,  when  the  neck  is  formed,  the  carotid  artery  becomes  S££3  with  it 

PsVMWW.-frigin-TherigM  carotid  arteiy  occasionally  arises  cU  ectlvfron, 
the  aorta,  or  in  conjunction  with  the  left  carotid     When  it  J™  f  ,i 
it  is  usually  the  first  vessel  from  the  ^^LZnZ^^S.  but  S 

Sid  hlg  S6COnd  PlaCe-the  ">  Wfc  left 

with  the  upper  border  Tth    day  Se  was found  JTb  O    —  ^f™  ™  a  level 

about  one  case  in  eight  and  a  £d^mfd  f 

occur  more  frequently  above  than  below  that  point  7       '           WaS  f°Und  t0 

InSS  gently  than  the  right, 
arises  from,  or  in  -tfiJ^ 

winch  the  right  subclavian  is  a  seDirato  hv™»h  «f  +v  ?  ' m  those  cases  m 

frequently  arise  by  a  common  tS  ^  tbG  tW°  Car°tids  mosfc 

lef^co^^LSTp'rlniln;  Jft^  ™*  -ithout  ^her  abnormality,  the 

%t»6^  13  thefirSt  VeSSel 

P^Si^ri^^.^fp  ^  lal  position;  itdoes 
as  the  os  hyoides,  and  oJ^^ZchM^T^  ?  "  °ften  as 

site  the  middle  of  the  larynx  and  inZSf  °Und  fr0m  time  to  time  °PP°- 

cricoid  cartilage,  or  even ffi    '     W  1Mtano^  °PPosit«  the  lower  margin  of  the 

htoa  £  -fV^  —*«  one 

Morborum,"  &c.    Epist.  29,  Art.  20.)  '  ("  De  Sedibus  et  Causis 

The  common  carotid  arterv  has  Wn  fn-n„A  „ 
the  neck  without  dividing  ?wt         taSi^7  ^  ^l*™' t0  aSCCnd  iQ 

artery  being  altogether  wanting  mmal  branches  >  the  Eternal  carotid 

4-"^^^  —»<        vernal  and 

Occasional  branches  —Th*  ™»I             ,  he  aorta- 

.Popart  „  ^  ^X3dS5"2?  taS,"™-'-  ^          *  ifa 

a.  Verier  %„H  branch ;  £,  „  .  'X"^1  • 

EXTERNAL  CAROTID  ARTERY. 
The  external  carotid  arterv  rllstriw^.i      •  .  . 
walls  of  the  cranium,  is  sn aUei ^  than  the  fT  7^        *"*  and  to  ^ 
sons  j  but  the  two  are  nearly of ^  eaual  ^   T***  in  per- 

the  point  of  division  of  the  common  carot,  ™  ^  14  reaches  ^om 
the  thyroid  cartilage,  to  the  n'ckof  S ° ndyKth  T  ^  °f 
little  lower,  and  there  divides  into  +      -         loWcr  3™'*°™,  or  a 

and  the  internal  ^m^T the  temP«-l 

than  the  internal  ^Thnfi^ZonZZ  *°  Iine  of  the  body 

the  same  time  curving  sli  ditiv  for  ,  ?  m6S  suPerfi^l  to  that  arterv  it 
At  its  origin  this  *  *  place  of  Sffi? 

from  beneath  which,  it  is  covered  onlVhv  S*erno;mastoid  muscle,  emerging 

£TS  *f VerSes  the  -PP  r  part^of X \  -  ^'f^  myoides  «d  thS 
hounded  by  the  sterno-mastoid  \i  i  ,*  tnangul»r  intermuscular  smco 
becomes  deeply  plliced™ ^  5 d  muscles    it  Sen 

-use  es,  and  finally  ba^S^*  st^-Void  and 'd iga  ^ 
gland.    In  the  lower  part  of  ^  0  ^  rti,  °f  tho  P™*W 

course  rt  is  m  contact  with  tho  pharynx 
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and  hyoid  bone  ;  further  up  it  is  separated  by  a  portion  of  the  parotid 
gland  from  the  back  of  the  ramus  of  the  lower  jaw,  and  rests  upon  the 
styloid  process  and  the  stylo-pharyngeus  muscle,  which,  with  the  glosso- 
pharyngeal nerve,  are  interposed  between  it  and  the  internal  carotid  artery. 

Belation  to  Veins. — This  artery  has  usually  no  companion  vein,  though 
it  may  be  crossed  superficially  by  small  branches  of  the  contiguous  veins  ; 
but  when  the  internal  maxillary  vein  joins  the  deep  instead  of  the  superficial 
jugular,  it  accompanies  the  external  carotid. 

Relation  to  Nerves. — Close  to  the  digastric  muscle  the  external  carotid 
artery  is  crossed  by  the  hypoglossal  nerve,  and  at  a  short  distance  from  its 
upper  end,  in  the  substance  of  the  parotid  gland,  by  the  facial  nerve.  The 
glosso-pharyngeal  nerve  lies  between  it  and  the  internal  carotid  ;  and  the 
superior  laryngeal  nerve  is  under  both  vessels. 

Branches. — The  branches  of  the  external  carotid  artery  are  eight  in 
number,  viz.  three  directed  forwards,  the  superior  thyroid,  the  lingual,  and 
the  facial  ;  two  directed  backwards,  the  occipital,  and  posterior  auricular  ; 
and  three  extending  upwards,  the  ascending  pharyngeal  branch,  together 
with  the  temporal  and  internal  maxillary,  the  two  terminal  branches  into 
which  the  artery  divides. 

In  addition  to  the  principal  branches  here  enumerated,  the  external 
carotid  gives  off  small  offsets  to  the  parotid  gland. 

Peculiarities—  The  peculiarities  in  the  origia  of  this  vessel  have  been  noticed 
along  with  those  of  the  common  carotid  artery. 

The  branches  are  not  ^infrequently  crowded  together  on  the  main  stem,  near  the 
commencement,  or  at  a  higher  point.  Occasionally  they  take  origin  at  regular  dis- 
tances in  the  whole  length  of  the  vessel. 

The  usual  number  of  branches  may  be  diminished  by  the  association  with  another 
artery  of  one  of  the  ordinary  branches,  or  by  the  union  into  a  single  trunk  of  two  or 
three  branches  which  are  usually  derived  separately  from  the  main  artery  :  so  also  the 
number  may  be  augmented  by  the  transfer  to  this  vessel  of  some  branch  not  ordi- 
narily derived  from  it,  or  by  the  addition  of  some  unusual  branch. 

There  is  frequently  present  a  small  distinct  branch  for  the  stcrno-mastoid  muscle, 
which  bends  outwards  over  the  hypoglossal  nerve. 


BRANCHES  OP  THE  EXTERNAL  CAROTID  ARTERY. 

I.   SUPERIOR  THYROID  ARTERY. 

The  superior  thyroid  artery,  the  first  of  .the  anterior  set  of  branches,  is 
given  off  close  to  the  commencement  of  the  external  carotid,  immediately 
below  the  great  cornn  of  the  hyoid  bone.  From  this  point  the  artery  curves 
forwards  and  downwards  to  the  upper  margin  of  the  thyroid  cartilage  ;  it 
then  descends  a  short  distance  beneath  the  omo-hyoid,  sterno-hyoid  ana 
sterno-thyroid  muscles,  furnishing  offsets  to  those  muscles  ;  and,  reaching  tue 
anterior  surface  of  the  thyroid  body,  distributes  branches  to  its  substance, 
and  communicates  freely  with  the  branches  of  the  inferior  thyroid  artery. 

Branches. — 

Besides  the  branches  furnished  to  the  muscles  which  cover  it,  and [to  the thyrm 
bodv  to-cthcr  with  some  to  the  lowest  constrictor  of  the  pharynx,  the  supeno 
thyroid  furnishes  the  following  offsets,  which  have  received  distinctive  n™rj. 

(a)  The  hyoid,  &  small  branch,  running  transversely  inwards  immediately  below 


SUPERIOR  THYROID  ARTERY". 
Fig.  256. 
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Fig. 


-P^^^  the  leTOW,abH 

is  placed  on  the  clavicle a tl fnh p  *    '  ?te™i!yoid  and  °™-hyoid  muscles;  I 

the  trapezius  muscle and S^SSLSS^'  ?f  dips  behind  ik 

muscles;  1,  trunk  of  the  common  carotid  al-Wv  !f™  pectoral  and  deltoid 
internal  carotid  arteries  ;  1^1  internal  ca  S  T  "  dl;lS'°n  ,hlt°  the  exterDal  ™* 
omo-hyoid  muscle,  points  to  th  suje o MftS oi a  te^  T?  °D  ?6  UPP6r  be,ly  °f  thc 
branch;  4,  placed  on  the  submaxillar iK  ,f  *t  y  '  Td  avter?  and  its  hyoid 
stink  in  the  gland,  and  again  SreZ  avf^t  t  *  pIaCf  ?hero  the  facial  aiW  is 
of  the  facial  artery  by  division  into  th  ^  ^™  °Je?  tLe  Wer  jaw '  4>  termination 
mental  branch;  6, inferior TbLl b Ranches  7  ^  ^  ^  DaSal  branches  !  5> 
temporal ;  8,  superficial  tempera  ,  passml  'oJtr  Z™™  facial  bl;ancb  °f  W^rfidal 
anterior  and  posterior  divisions  on  ^Csufface  of  ?  o*780™  and  dist^uted  by  8' 8',  its 
upon  the  cranium  ;  9',  its  distribution  and  a^stnl  9>  °CCipUal  artery  risinS 

auricular  arteries  ;  10,  outer  part  of  thc  l?,M  ?  !  W'th  the  temP°ral  and  postcrio?- 
12,  posterior  scapular  arteries  ;  13  «u  1 1  ,Vmn  artery'  U>  suP«ncial  cervical,  and 
of  the  axillary  artery.   '         '     '  sul)ra"scapi.lar  artery ;  14,  acromio-thoracic  branches 
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the  os  hyoides,  and  assisting  to  supply  the  soft  parts  connected  with  that  bone. 
This  little  artery  sometimes  unites,  across  the  middle  line,  with  its  fellow  from  the 
opposite  side. 

(b)  A  superficial  descending  branch,  which  passes  downwards  a  short  distance  over 
the  sheath  of  the  large  cervical  vessels,  and  ramifies  in  the  sterno-mastoid  and  the 
muscles  attached  to  the  thyroid  cartilage,  as  well  as  in  the  platysma  and  neighbour- 
ing integuments.  The  position  of  this  branch  with  respect  to  the  sheath  of  the 
carotid  artery  is  the  only  circumstance  which  gives  it  interest. 

(c)  The  laryngeal  branch,  or  superior  laryngeal  artery,  proceeding  inwards  in 
company  with  the  superior  laryngeal  nerve,  and  piercing  the  thyro-hyoid  membrane. 
Before  entering  the  larynx  this  branch  is  covered  by  the  thyro-hyoid  muscle.  On 
reaching  the  interior  of  the  larynx,  it  ramifies  in  the  small  muscles,  the  glands,  and 
the  mucous  membrane  of  that  organ. 

(d)  The  crico-thyroid,  a  small  branch,  to  be  noticed  on  account  of  its  position 
rather  than  its  size.  It  crosses  the  membrane  connecting  the  thyroid  and  cricoid 
cartilages,  and  communicates  with  a  similar  branch  from  the  other  side:  hence  it 
may  be  a  source  of  hsemorrhage  in  the  operation  of  laryngotomy. 

Peculiarities. — Size. — The  superior  thyroid  artery  is  frequently  much  larger,  and, 
on  the  other  hand,  it  may  be  smaller  than  usual.  In  either  case  the  deviation  from 
the  accustomed  size  is  accompanied  by  an  opposite  alteration  in  other  thyroid  arte- 
ries. It  has  been  seen  extremely  small,  ending  in  branches  to  the  sterno-mastoid 
muscle  and  the  larynx.    (See  the  observations  on  the  inferior  thyroid  artery.) 

Origin.— The  superior  thyroid  is  often  transferred  to  the  upper  part  of  the  common 
carotid  artery  ;  and  it  has  been  seen  conjoined  with  the  lingual  branch,  or  with  that 
and  the  facial  branch  of  the  external  carotid. 

There  are  sometimes  two  superior  thyroid  arteries. 

Branches.—  The  hyoid  branch  is  frequently  very  small,  or  absent.  The  laryngeal 
branch  arises  not  unfrequently  from  the  external  carotid  artery,  and  likewise,  but  rarely, 
from  the  common  carotid.  Examples  have  occurred  of  this  branch  being  of  very 
large  size,  and  terminating  in  the  thyroid  body.  The  laryngeal  artery  occasionally 
enters  the  larynx  through  a  foramen  in  the  thyroid  cartilage ;  and  it  has  likewise 
been  observed  to  pass  inwards  below  the  cartilage. 


II.   IilNQUAIi  AKTERY. 


The  Ungual  artery  arises  from  the  inner  side  of  the  external  carotid, 
between  the  origins  of  the  superior  thyroid  and  facial  arteries.  Curving 
upwards  and  inwards,  it  reaches  the  upper  margin  of  the  hyoid  bone, 
behind  the  tip  of  its  great  cornu ;  it  then  passes  forwards  under  cover 
of  the  hyo-glossus  muscle,  resting  at  first  on  the  middle  constrictor  of 
the  pharynx,  and  afterwards  on  the  genio-hyo-glossus  muscle,  in  contact 
with  which  it  ascends  almost  perpendicularly  to  reach  the  under  surface 
of  the  tongue,  and  there  makes  its  final  turn  forwards  to  the  tip  of  that 
orcan,  receiving  the  name  of  ranine  artery. 

At  the  posterior  border  of  the  hyo-glossus  muscle,  the  hypoglossal  nerve 
crosses  the  artery,  and  passes  forwards  on  a  lower  level,  superficial  to  the 
muscle. 

Branches. — The  branches  of  the  lingual  artery  are  as  follows  : — 

(a)  The  hyoid  branch,  running  along  the  upper  border  of  the  hyoid  bone,  and 
supplying  the  contiguous  muscles  and  skin. 

(6)  The  dorsal  artery  of  the  tongue,  which  is  often  replaced  by  several  smaller 
branches.  It  arises  from  the  deep  portion  of  the  lingual  artery,  beneath  the  hyo- 
glossus  muscle,  and  ascends  to  supply  the  upper  part,  or  dorsum,  and  the  substance 
of  the  tongue,  ramifying  as  far  back  as  the  epiglottis. 

(c)  The  sublingual  branch.  Taking  origin  at  the  anterior  margin  of  the  njo 
glomus,  this  branch  turns  slightly  outwards,  under  cover  of  the  mylo-hyo i<  muscle, 
and  be  ween  this  and  the  sublingual  gland.  It  supplies  the  substance o the gg«J 
and  gives  branches  to  the  mylo-hyoid  and  other  muscles  connected  with  the  maxillary 
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bone  Small  branches  are  also  distributed  to  the  mucous  membrane  of  the  mouth 
and  the  inside  of  the  gums.  UUU1' 
(d)  The  ranine  artery,  which  may  be  considered  from  its  size  and  direction  the 
continuation  of  the  lingual  artery.  It  runs  forwards  beneath  the  tongue  KWin^ 
numerous  branches  as  lt  proceeds  covered  by  the  mucous  membrane,  and  resting  of 
the  gcnio-hyo-glossus  muscle.    Having  reached  the  tip  of  the  tongue,  it  has  been 

bv Hlrir  iTZuf      Tt  8P°nding-  °f  the  °thcr  Side  i  bufc  «*  is"enied 

fLnum  Pa  3  C°UrSe  16  HeS  quite  suPerficially  at  the  side  of  the 

Peculiarities.— —The  origin  of  the  lingual  artery  sometimes  takes  place  from  a 
trunk  common  to  it  and  the  facial  artery.   It  is  occasionally  joined  wkthe  superio? 

Branche8.-Thehyoid branch  is  often  deficient;  and  it  appears  that  this  branch 
varies  in  size  inversely  with  the  hyoid  branch  of  the  superior  ?hy^d 

The  sublingual  branch  varies  in  size.  It  is  sometimes  derived  from  the  facial 
artery,  and  then  perforates  the  mylo-hyoid  muscle 

andT!:seceSg\l7nehaSbCeilSeeU  t0  *W  °ff  M  ^  b™<*cs>  «-  Omental 

IU.   FACIAL  ARTERY. 

The  facial  artery  (art.  rnaxillaris  externa),  taking  origin  a  little  above 
he  lingual  artery,  is  first  directed  obliquely  tonvardSg  and  upward  beneath 
the  base  of  the  maxillary  bone  ;  then  changing  its  dhXn  it passes 
upwards  over  the  base  of  the  lower  maxilla,  in  front  of  the  masse  er  muse  e 
Commencing  here  its  course  upon  the  face,  it  is  directed  forwards  nea -to 
the  angle  of  the  mouth,  and  ascends  to  the  inner  eanthus  of th eye 
where  it  ends  by  anastomosing  with  the  ophthalmic  artery     In  its  whole 
course  the  artery  is  tortuous,  a  circumstance  connected  with  the  great  1 
bikty  of  the  parts  on  which  it  rests.  gr8at  m0~ 

In  the  neck,  the  facial  artery,  immediately  after  its  origin  which  is  com 
paratiyely  superficial,  being  covered  only  by  the  platvsma^-  ^ 
crossed  by  the  digastric  and  stylo-hyoid  muscles  !S?  'f 
in  the  substance  of  the  submaxillary  rfL     w  I  concealed 

turns  over  the  border  of  the fr^^fr^lT8  T  ^  * 
of  the  artery  is  easily  felt,  and  £  ^W^cT 

^rtdtuSy^ 

■EST tlle  ^ tte  " WS."=S  52 

artery.  °  6  moutJl>  aud  xt  » not  so  tortuous  as  the 

Branches  of  the  portio  dura  nerve  cross  the  vessel  •  •  *  , 

nerve  is  beneath  it,  separated  bv  the  fihr!!  7?i      ,    '  and  the  mfra-orbiial 

Branches.  — A .  CeSt™ e/-ThJ '^i*  °f  ^  UI*er  H* 
from  the  facial  artery  below  thHowerTal  i  &re  derived 

hranch  which  ascends  between  the 
border  0f  the  internal  pterygoid  muscle  Aff.M  reaches  the  P^ynx  close  to  the 
tonsil,  the  styloid  muscles g  and  the  Eu^i  T?S  gh'ea  Sma11  branch<*  to  the 
levator  palati  muscle  into  CbmncLs  0^  ft  /  T  ■*"»*  divides  near  2 
cumflexus  palati  muscle,  and  is  distributed  to  jL  'f  [°ll0WS  the  co,,rse  of  cir- 
other  penetrates  to  the  tonsil,  and  ram ft  S°ftPaIil.tc  and  ^s  glands,  while  the 
dcscribed-The  place  of  this  ar  er?  upT  « Tf  '  "l*  the  branth  to  bc  ncxt 
pharyngeal.  ™y  uPon  th°  Palate  is  often  taken  by  the  ascending 


350 


EXTERNAL  CAROTID  ARTERY. 


(b)  The  tonsillar  branch,  which  ascends  along  the  side  of  the  pharynx,  and  pene- 
trating the  superior  constrictor  of  the  pharynx,  terminates  in  small  vessels  upon  the 
tonsil  and  the  side  of  the  tongue  near  its  root. 

(c)  The  glandular  branches,  a  numerous  series  which  enter  the  substance  of  the 
submaxillary  gland,  whilst  the  facial  artery  is  in  contact  with  it ;  and  some  of  which 
are  prolonged  upon  the  side  of  the  tongue. 

(d)  The  submental  branch,  the  largest  arising  from  the  facial  in  the  neck.  Leaving 
the  artery  near  the  point  at  which  it  turns  upwards  to  the  face,  it  runs  forwards 
below  the  base  of  the  maxillary  bone  on  the  surface  of  the  mylo-hyoid  muscle  and 
subjacent  to  the  digastric.  Giving  branches  in  its  course  to  the  submaxillary  gland 
and  the  muscles  attached  to  the  jaw,  it  approaches  the  symphysis  of  the  chin  and 
divides  into  two  branches ;  one  of  these,  running  more  superficially  than  the  other, 
passes  between  the  depressor  muscle  of  the  lower  lip  and  the  skin,  supplying  botb  ; 
while  the  other  dips  between  that  muscle  and  the  bone,  and  ramifies  in  the  substance 
of  the  lip,  communicating  with  the  inferior  labial  branch. 

B.  Facial  brandies. — Of  the  branches  derived  from  the  facial  artery  upon 
the  side  of  the  face,  some  are  directed  outwards  to  the  muscles,  as  to  the 
masseter  and  buccinator,  and  require  only  to  be  indicated.  Larger  branches 
described  with  some  detail  are  directed  inwards,  and  are  as  follows  : — 

(a)  The  inferior  labial  branch.  This  arises  soon  after  the  facial  artery  has  turned 
over  the  lower  border  of  the  maxilla,  and  running  forwards  beneath  the  depressor 
anguli  oris,  distributes  branches  to  the  skin  and  the  muscles  of  the  lower  lip,  anasto- 
mosing with  the  inferior  coronary  and  submental  branches,  and  with  the  inferior 
dental  branch  of  the  internal  maxillary  artery. 

(6)  The  coronary  artery  of  the  lower  lip.  Arising  near  the  angle  of  the  mouth, 
as  often  in  conjunction  with  the  superior  coronary  as  from  the  facial  separately,  this 
branch  penetrates  the  muscular  fibres  surrounding  the  orifice  of  the  mouth,  takes  a 
transverse  and  tortuous  course  between  those  fibres  and  the  mucous  membrane  of  the 
lip,  and  inosculates  with  the  corresponding  artery  of  the  opposite  side.  Small  twigs 
from  it  ascend  to  supply  the  orbicular  and  depressor  muscles,  the  glands,  and  other 
structures  of  the  lower  lip ;  whilst  others  descend  towards  the  chin,  and  communicate 
there  with  other  branches. 

(c)  The  coronary  artery  of  the  upper  lip.  Larger  and  more  tortuous  than  the 
preceding  branch,  with  which  it  often  arises,  this  vessel  runs  across  between  the 
muscles  and  mucous  membrane  of  the  upper  lip,  and  inosculates  with  its  fellow  of 
the  opposite  side.  In  addition  to  supplying  the  whole  thickness  of  the  upper  Up,  it 
gives  two  or  three  small  branches  to  the  nose.  One  of  these,  named  the  artery  of  the 
septum,  runs  along  the  lower  border  of  the  septum  nasi,  on  which  it  ramifies  as  fax- 
as  the  point  of  the  nose ;  another  reaches  the  ala  of  the  nose. 

(d)  The  lateral  nasal  artery.  This  branch  turns  inwards  to  the  side  of  the  nose 
beneath  the  common  elevator  of  the  nose  and  lip,  and  sends  branches  to  the  ala  and 
the  dorsum  of  the  nose.  It  anastomoses  with  the  nasal  branch  of  the  ophthalmic,  with 
the  artery  of  the  septum  nasi,  and  with  the  infra-orbital  artery. 

(c)  Annular  artery.  Under  this  name  is  recognised  the  terminal  part  of  the 
facial  artery,  which  inosculates  at  the  inner  side  of  the  orbit  with  a  terminal  branch 
of  the  ophthalmic  artery. 

Communication  between  the  superficial  and  deep  branches  of  the  external  carotid 
is  established  by  the  anastomoses  of  the  facial  artery  with  the  infra-orbital,  buccal, 
inferior  dental,  and  nasal  branches  of  the  internal  maxillary;  and  between  the  exter- 
nal and  the  internal  carotids  by  the  anastomosis  of  the  facial  with  the  ophthalmic 

Peculiarities.—  Origin  —  The  facial  artery  not  unfrequently  arises  by  a  common 
trunk  with  the  lingual.  Occasionally  it  arises  above  its  usual  position,  and  then 
descends  beneath  the  angle  of  the  jaw  to  assume  its  ordinary  course. 

Size  —This  artery  varies  much  in  size,  and  in  the  extent  to  which  it  is  distributed. 
It  has 'been  observed,  very  rarely  however,  to  end  as  the  submental,  not  reaching  tiic 
Pide  of  the  face;  in  some  cases  it  supplies  the  face  only  as  high  as  the  lower  up. 
The  deficiency  of  the  facial  artery  is  most  frequently  compensated  for  by  an  enlarge- 
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ment  of  the  nasal  branches  of  the  ophthalmic  at  the  inner  side  of  the  orbit ;  occa- 
sionally by  branches  from  the  transverse  facial  or  internal  maxillary  arteries. 

Branches. — The  ascending  palatine  artery  is  in  some  instances  transferred  to  the 
external  carotid.  This  branch  varies  in  size  and  the  extent  to  which  it  reaches.  Not 
unfrequently  it  is  expended  without  furnishing  any  branch  to  the  soft  palate.  When 
it  is  thus  reduced  in  size,  the  pharyngeal  artery  takes  its  place  on  the  soft  palate. 

The  tonsillar  branch  is  not  unfrequently  altogether  wanting. 
-  The  submental  branch  has  been  observed  to  take  its  rise  from  the  lingual  artery. 
On  the  other  hand,  the  facial  artery,  instead  of  the  lingual,  has  been  found  to  furnish 
the  branch  which  supplies  the  sublingual  gland. 


IV.   OCCIPITAL  ARTERY. 


The  occipital  artery,  arising  from  the  posterior  part  of  the  external  carotid, 
usually  opposite  tlio  facial  or  a  little  higher  up,  is  directed  upwards  and 
backwards,  beneath  the  posterior  belly  of  the  digastric  muscle,  to  the 
interval  between  the  transverse  process  of  the  atlas  and  the  mastoid  process 
of  the  temporal  bone.  From  that  point  it  turns  horizontally  backwards 
along  the  skull  in  the  occipital  groove  of  the  temporal  bone,  internal  to  the 
mastoid  process  and  the  sterno-mastoid,  splenius,  digastric  and  trachelo- 
mastoid  muscles,  and  resting  on  the  superior  oblique  and  complexus  muscles. 
Lastly,  changing  its  direction  a  second  time,  and  piercing  the  cranial  attach- 
ment of  the  trapezius,  it  ascends  beneath  the  integument  on  the  back  of  the 
head  accompanied  by  the  great  occipital  nerve,  and  divides  into  numerous 
branches  upon  the  upper  and  back  part  of  the  cranium.  While  in  the  neck, 
the  occipital  artery  crosses  over  the  internal  carotid  artery,  the  vagus  and 
spinal  accessory  nerves,  and  the  internal  jugular  vein  ;  and  the  hypoglossal 
nerve  turns  from  behind  over  it  at  its  origin. 

Branches.— The  following  branches  are  given  from  the  occipital  artery  :— 

(a)  Small  muscular  offsets  to  the  digastric  and  stylo-hyoid  muscles,  and  one  of 
arger  size  to  the  sterno-mastoid.    This  last  is  so  regular  a  branch  that  it  is  known  as 
the  slernomustoid  branch. 

(b)  An  auricular  branch  to  the  back  part  of  the  concha  of  the  ear,  and  two  or  three 
other  muscular  branches  to  the  splenius  and  trachelo-mastoid. 

*,  (c),Tne  ™enin3ef  brancu-    This  runs  up  with  the  internal  jugular  vein  enters 

short  way  this  vessel  divides  into  .  superficial  and  .  deep  branch.  The former  rami 
to  beneath  the  splcnms,  sending  offsets  through  that  muscle  to  the  tapeS Xc 

and  r^es^fhe^tS  brandl'  SkuU  th™^  ^  ""Md  foramen, 

Peculiarities. — Oriain  rpft«  «„v  t 

internal  carotid,  and  from\ho  nLn  r'P  ,7,  18  occasio™lly  derived  from  the 

^tottU^^^^  ^^^^  branch  of  the  inferior  thyrpid-an 

^SSS^^&^Sl^1^  °Utside  the  trachelo-mastoid  muscle, 

pass  over  the  sterno-mastoid  2  1?         n'CSSCl  WM  fouiu1' ia  one  instancc- to 

U  muscle,  only  a  small  artery  being  placed  in  the  usual 
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Fig.  257. 


Fig.  257. — Deep  View  of  the  Carotid,  Subclavian,  and  Axillary  Arteries  (from 

Ticdemann).  J 

"  The  great  pectoral,  the  sterno-mastoid,  and  the  sterno-hyoid  and  sterno-thyroid  muscles 
have  been  removed  ;  the  front  part  of  the  deltoid  has  been  divided  near  the  clavicle  ;  the 
greater  part  of  the  digastric  muscle  has  been  removed,  and  the  upper  part  of  the  splenitis 
capitis  and  trachelo-mastoid  divided  near  the  mastoid  process.  Subclavian  Artery  and 
its  Branches.— I,  first  or  inner  part  of  the  subclavian  artery,  giving  rise  to  the  thyroid 
axis  and  internal  mammary,  and  also  to  +,  the  vertebral  artery;  2,  third  part  of  tnc 
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subclavian  artery  outside  the  scalenus  anticus  muscle  ;  3,  first  part  of  tbe  axillary  artery 
giving  rise  to  the  acromio-thoracic,  short  thoracic,  &c. ;  4,  third  part  of  the  axillary  artery 
giving  rise  to  the  subscapular,  circumflex,  &c;  5,  commencement  of  tbe  brachial  artery  • 
6,  superficial  transverse  cervical  artery  ;  6',  placed  on  the  scalenus  anticus  muscle  marks 
the  superficial  ascending  cervical  branch  ;  7,  posterior  scapular  artery,  arising  from  tbe 
subclavian  artery  behind  the  scalenus  anticus  muscle,  and  separate  from  tbe  thyroid  axis  • 
8,  acromial  branches  of  the  acromio-thoracic;  9,  pectoral  branches  of  the  same  ;  10  long 
thoracic  artery  outside  the  pectoralis  minor  muscle;    +,  posterior  circumflex  branch 
of  the  axillary  artery,  the  anterior  circumflex  is  seen  rising  from  the  opposite  side  of  the 
same  part  of  the  axillary  trunk ;  1 1 ,  subscapular  artery,  passing  between  the  subscapularis 
and  teres  minor  muscles  to  proceed  to  the  lower  angle  and  dorsum  of  the  scapula  •  12 
thoracic  descending  branch  of  the  subscapular  artery.   Carotid  Artery  and  its  Branches  — 
13,  lower  part,  and  14,  upper  part  of  the  right  common  carotid  artery  ;  15,  trunk  of  "the 
external  carotid  artery,  brought  fully  into  view  by  the  removal  of  the  digastric  muscle  • 
16,  trunk  of  tbe  internal  carotid  artery;  17,  17,  inside  the  thyroid  axis  of  the  subclavian 
artery,  and  on  the  inferior  thyroid  artery  where  it  is  distributed  in  the  gland  ;  1 8  superior 
thyroid  artery,  anastomosing  in  the  gland  with  the   inferior  thyroid  •   19  lingual 
artery,  brought  into  view  by  the  removal  of  the  lower  part  of  the  hyo-glossus  muscle  -°20 
facial  artery,  giving  off  the  palatine,  tonsillitic  and  submental ;  21,  inferior  labial  ■'  22' 
coronary  artery ;  23,  occipital  artery ;  24,  posterior  auricular  artery  ;  25,  superficial 
temporal  artery;  26,  internal  maxillary  artery ;  27,  transverse  facial,  given  off  in  this 
instance  directly  by  the  external  carotid  artery.  6  ^ 

position.  The  artery  has,  in  a  few  instances,  been  seen  to  turn  backwards  below  tho 
transverse  process  of  the  atlas.  -  ^ 

orlnlrtS'^cfpUaf01  "f  ^  ***** 

V.   POSTERIOR  AURICULAR  ARTERY. 

The  posterior  auricular  artery,  a  small  vessel,  arises  from  the  external 
carotid  a  little  higher  up  than  the  occipital.  It  ascends,  under  cover  of 
the  parotid  gland,  and  resting  on  the  styloid  process  of  the  temporal  bone 
reaches  the  angle  formed  by  the  cartilage  of  the  ear  with  the  mastoid  pro' 
cess.  It  is  crossed  by  the  portio  dura  of  the  seventh  nerve.  Somewhat 
above  the  mastoid  portion  of  the  temporal  bone  it  divides  into  two  sets  of 
branches  of  which  one  set  inclines  forwards  to  anastomose  with  the  posterior 
branch  of  the  temporal  artery,  and  the  other  backwards  towards  the  occiput 
on  which  it  communicates  with  the  occipital  artery  *  ' 

auricXTt^6  f°ll0WiDS  ~  ^  °ff  *  ^  Posterior 

(a)  Small  branches  to  the  parotid  gland  and  the  digastric  muscle. 
{b)  lhe  stylomastoid  branch.    This  twi«-  enters  tbp  fm-,™«n      +1  „ 

auditor,  mat,,  SnmXTi^lTffJ      T'1  *  T""  drcle  "ou»«  tt<= 
»e^=to^^ 

Vl"   TEMPORAL  ARTERY. 

The  temporal  artery,  one  of  +b»  +™  i  ^ 

carotid  artery  finally  divides  a  liti  1         T*™  mt°  wHdl  the  ext*mal 
y  cuvic.es  a  httle  below  the  condyle  of  the  lower  jaw, 
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continues  upwards  in  the  direction  of  the  parent  vessel,  whilst  the  other 
branch  (the  internal  maxillary)  curves  forwards  under  cover  of  the  jaw. 
The  temporal  artery  is  at  first  imbedded  in  the  substance  of  the  parotid 
gland,  in  the  interval  between  the  meatus  of  the  ear  and  the  condyle  of  the 
lower  jaw.  Thence  it  ascends  over  the  root  of  the  zygoma,  against  which  it 
may  readily  be  compressed.  From  this  point  onwards,  it  lies  close  beneath 
the  skin,  supported  by  the  temporal  muscle  and  fascia  ;  and,  about  two 
inches  above  the  zygoma,  divides  into  two  branches,  which  again  sub- 
divide and  ramify  beneath  the  integument  on  the  side  and  upper  part  of 
the  head. 

Branches. — Besides  several  small  offsets  to  the  parotid  gland,  some 
branches  to  the  articulation  of  the  lower  jaw,  and  one  or  two  to  the  masseter 
muscle,  the  temporal  artery  gives  off  the  following  branches  : 

(a)  The  transverse  artery  of  the  face.  This  branch  arises  whilst  the  temporal 
artery  is  deeply  seated  in  the  parotid  gland,  through  the  substance  of  which  it 
runs  nearly  horizontally  forwards ;  getting  between  the  parotid  duct  and  the  zygoma, 
it  rests  on  the  masseter  muscle,  and  is  accompanied  by  one  or  two  transverse 
branches  of  the  facial  nerve.  It  gives  small  vessels  to  the  parotid  gland,  the  masseter 
mu«cle  and  the  neighbouring  integument ;  and  divides  into  three  or  four  branches, 
which  are  distributed  to  the  side  of  the  face,  anastomosing  with  the  infra-orbital  and 

facial  arteries.  „  .  . 

Ih)  The  middle  temporal  branch.  This  arises  close  above  the  zygoma,  and  imme- 
diatelv  perforating  the  temporal  fascia,  sends  branches  to  the  temporal  muscle, 
which  communicate  with  the  deep  temporal  branches  of  the  internal  maxillary 
artery.  An  offset  from  this  artery  runs  to  the  outer  angle  of  the  orbit,  where  it 
cives  branches  to  the  orbicularis  palpebrarum  muscle. 

(c)  The  anterior  auricular  branches,  two  or  more  in  number,  superior  and  infe- 
rior These  branches  arise  above  the  middle  temporal.  They  are  distributed  to  the 
fore-part  of  the  pinna,  the  lobe  of  the  ear,  and  a  part  of  the  external  meatus,  anasto- 
mosing with  the  ramifications  of  the  posterior  auricular  artery. 

Id)  The  anterior  temporal  branch,  one  of  the  two  terminal  branches  of  the 
temporal  artery.  This  vessel  inclines  forwards  as  it  ascends  over  the  temporal  fascia, 
3  ramifies  extensively  upon  the  forehead,  supplying  the  orbicular  and  occipito- 
frontal muscles,  the  pericranium,  and  the  skin,  and  communicating  with  the  supra- 
01M  a  and  frontal  branches  of  the  ophthalmic  artery.  On  the  upper  part, rf  1 e 
cranium  the  branches  of  this  artery  are  directed  from  before  backwards.  When  it  is 
desh-cd  to  take  blood  from  the  temporal  artery,  the  anterior  temporal  branch  m 

^he^^^  iranel,  This  is  usually  larger  than  the  anterior, 
nasses  back  on  the  side  of  the  head,  above  the  ear,  and  over  the  temporal  asm; 
Hs  branches  ramify  freely  in  the  coverings  of  the  cranium,  both  upwards  to  the 
vertex ^  where  X/communicate  with  the  corresponding  vessel  of  the  opposite  side, 
ind  backwards  to  join  with  the  occipital  and  posterior  auricular  arteries 

PvrnLiIaiTiVs  -The  temporal  artery  is  frequently  tortuous,  especially  m  aged 
ncisons  Occas  onau7a  lie  unusual  branch  runs  forward  above  the ^  zygoma  to 
the  u?per  paTof  the' orbit.    The  temporal  artery  sometimes  joins  with  the  opkthal- 

^t^l^"^^  larger  than  the  posterior,  and  passing 

t^s^V^t  •  "~o^  itt  nth  larger  than 
J^LTZZ  tCvi'Joi  i  defective  facial  artery.  In  some  instances  the  trans, 
verse  artery  arises  directly  from  the  external  carotid. 

VII.   INTERNAL  MAXILLARY  ARTERY. 

The  internal  maxillary  or  deep  facial  artery    the  ^  *  *e  S 
nl  Winches  of  the  external  carotid,  is  concealed  by  the  parotid  glana 
rtTorigin  bt7tl  condyle  of  the  jaw;  it  curves  horizontally  forwards 
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between  tho  jaw  and  the  internal  lateral  ligament  of  the  temporo-maxillary 
joint,  then  passes  obliquely  forwards  and  upwards  on  the  outer  surface  of 
xhe  external  pterygoid  muscle  (not  unfrequently  beneath  and  within  it) 
and  opposite  the  interval  between  tho  two  heads  of  that  muscle,  bends 
inwards  to  tho  sphenomaxillary  fossa,  where  it  ends  by  division  into  a 
number  of  branches. 

To  facilitate  the  arrangement  of  its  numerous  branches,  this  artery  may 
be  considered  in  three  parts,  viz.  :  1,  the  part  between  the  jaw  and  internal 
lateral  ligament  ;  2,  the  part  in  contact  with  the  external  pterygoid  muscle  • 
and,  3,  the  part  m  the  sphenomaxillary  fossa. 

Fig.  258. 


Fig.  258.— Deep  Disseotion  op  the  Head  a™  tj,™  m 

**^^?F^3^  "1'  ■?  the  ^  Slower 
of  the  face  have  been  d  Wide and f  ^  [^'d  6  an^SOme  oftbe  suPerfic^  muscles 
exposed:  1  facial  artery ,  7s^  o  e  TelllTl  and  .buc^or  muscles  art 
branches;  2',  deep  mental  branch  of  L  ;?,ff  •  •  ,°  ,0Wer  Jaw  5  2»  infe™r  labial 

|nued;  4, /"Perior  coronary  of  the  facSl  ?fZZl^  1      fadal  arter*  c°° 

the  ophthalmic  artery,  nm.Z!v  V  •  '  emI  nasal  brauch  >  6,  frontal  branch  of 
of  the  facial  and  ^thT^otaTts?!  T  \°  'T™™^  the  anglrbralh 
artery  at  the  place  where  it  pasis  thro^h  &  "Tl  T'°ild  artery  '>  8>  eternal  carotid 
division  of  the  external  caroid  arte  ™  infn  ^ '  gknd'  which  1,as  bee*  removed  9 
artenes;  10,  superficial  temporal  t!?^?''  teLmporal>  ™*  internal  miliary 
12,  superiorly  the  trunk  of  the  inteLTm,?nC  ^  °f  the  esternal  c^  artenr  * 
ts  inferior  maxillary  branch  •  18  S  «1Lvry  "  deep  facial  artery,  and  inferior^ 
branch,  and  above  on  the  dura  mate?  t it°?l  rj8- ^° ma'  P°iuts  to  tbe  ^dle  me 
the  temporal  muscle  separated  the  t  5  U>  l'la°ed  on  the  lower  part  o 

deep  temporal  branches  of  the  arte"?-  15  c°  onoid.  I™™*  of  the  jaw,  indicates  tho 
posterior  superior  dental,  and  (leepest  mi  'f  M  ^  bl;anohes  ;  1(5>  buccal  ;  17, 

the  spheno-maxdlary  fossa ;  18,  bSnchJs  of  tli  •  1"teraal.raaxi' W artery  where  it I  enteri 

.    ancnes  0f  tho  infra-orbital  artery  issuing  upon  the  face. 
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Branches. — A.  Branches  of  the  first  part, — The  branches  of  the  first 
part  of  the  artery  all  pass  through  osseous  foramina. 

(a)  The  tympanic  branch,  of  small  size  and  variable  in  origin,  passes  deeply  behind 
the  articulation  of  the  lower  jaw,  and  enters  the  fissure  of  Glasser,  supplying  the 
laxator  tympani  muscle,  and  the  tympanic  cavity,  where  it  ramifies  upon  the 
membrana  tympani.  It  anastomoses  in  the  tympanum  with  the  stylo-mastoid  and 
Vidian  arteries. 

(6)  The  middle  or  great  meningeal  artery,  by  far  the  largest  of  the  arteries 
which  supply  the  dura  mater,  passes  directly  upwards  under  cover  of  the  external 
pterygoid  muscle,  and  enters  the  skull  by  the  spinous  foramen  of  the  sphenoid  bone. 
Within  the  cranium,  it  ascends  to  the  anterior  inferior  angle  of  the  parietal  bone,  and 
divides  into  numerous  branches,  which  ramify  in  deep  arborescent  grooves  on  the 
inner  surface  of  the  bones,  some  passing  upwards  over  the  parietal  bone  as  high  as  the 
vertex,  and  others  backwards  even  to  the  occipital  bone. 

Immediately  on  entering  the  cranium  the  meningeal  artery  gives  minute  branches 
to  the  ganglion  of  the  fifth  nerve  and  to  the  dura  mater  near  the  sella  turcica,  and  a 
small  twig  which  enters  the  hiatus  Fallopii,  and  anastomoses  with  the  stylo-mastoid 
branch  of  the  posterior  auricular  artery.   It  also  inosculates  with  branches  of  the 

ophthalmic  artery. 

The  middle  meningeal  artery  is  accompanied  by  two  veins. 

(c)  The  small  meningeal  artery,  usually  arising  from  the  preceding  branch, 
enters  the  skull  through  the  foramen  ovale,  to  supply  the  dura  mater  in  the  middle 

f°S(d)  The  inferior  dental  artery,  passing  downwards,  enters  the  dental  canal  along 
with  the  inferior  dental  nerve,  and  subsequently  escapes  on  the  face  by  the  mental 
foramen.  As  it  enters  the  canal,  it  gives  off  the  mylo-hyoid  branch,  which  with  the 
nerve  bearing  the  same  name,  runs  in  a  groove  on  the  inner  surface  of  the  jaw 
below  the  dental  foramen,  and  ramifies  on  the  under  surface  of  the  mylo-hyoid 
muscle.  In  its  course  through  the  bone,  the  inferior  dental  artery  gives  off  small 
offsets,  which  ascend  to  enter  the  minute  apertures  in  the  extremities  of  the  fangs  of 
the  teeth  and  supply  the  pulp  of  each ;  and  before  emerging  at  the  mental  foramen, 
tsent  forwardsa'branch  which  supplies  the  incisor  teeth  and  inosculates  with  its 
fellow  of  the  opposite  side.  The  terminal  or  facial  branches  anastomose  with  the 
inferior  coronary  and  submental  arteries. 

B.— Branches  of  the  second  part.—  The  branches  of  this  part  are  chiefly 
distributed  to  muscles,  and  are  named  muscular. 

(a)  The  deep  temporal  branches,  two  in  number  (anterior  and  posterior),  ascend- 
ini  bcLeen  The  t  mporal  muscle  and  the  cranium,  supply  that  muscle,  and  annate- 
ie  wTtl  the  branches  of  the  other  temporal  arteries  and  with  minute  branches  of 
+  h»  whrvmal  irterv  through  small  foramina  in  the  malar  bone. 
%nS^S^'S^  small,  short  off««,  Regular  in  number  ul  ongm, 

"it'Se  «*t';:i'-„«nm^E«lar  tpt*  passes  from  ,ritM»  ou,f 
(c)  ine  massuertv  ™  «  o  axiuary  bone,  to  the  deep  surface  of 

Ei£E  Posterior  temporal 

^fThe  buccal  branch  runs  obliquely  forwards  upon  the  buccinator  muscle  with 
the  bucLl  nerve  ;  ttto  distributed  to  that  and  other  muscles  of  the  cheek,  and  anas- 
tomoses with  the  branches  of  the  facial  artery. 

C.  Branches  of  the  third  park—Than  branches,  like  those  of  the  first 
series,  enter  bony  foramina  or  canals. 

/  i  Thn  alveolar  or  superior  maxillary  hranch,  arising  near  the  tuberosity  of  the 
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the  upper  molar  and  bicuspid  teeth,  besides  ramifying  in  the  lining  membran  r,f 
the  maxillary  sinus.    Other  small  branches  supply  the  gums  membran  of 

(6)  The  infra-orbital  artery  runs  horizontally  forwards  into  the  infra-orbital  canal 
and  having  traversed  that  canal  along  with  the  superior  maxillary  nerve  emerges 
upon  the  face  at  the  infra-orbital  foramen.  '  cmer°e3 

.r,tAILi!St-StlrHn  thetcana1'"  sends  "P^rds  into  the  orbit  small  branches  which 
enter  the  inferior  rectus  and  the  inferior  oblique  muscle  of  the  eye  and  ^  lachn  ma 
gland  and  others  downwards  to  supply  the  front  teeth.   On  the  face  TJ£l, h, 
upwards,  to  the  lachrymal  sac  and  inner  an»le  of  the  nrh? t  Vn  V   S  branches 
nasal  branches  of  the  ophthalmic  L  El  arteries  Ind  se,  ids  o?l  trT^  W1f  UlC 
wards  beneath  the  levator  labii  superior^  "lS7o£i?^£*to^Z 
verse  facial,  buccal,  and  superior  coronary  arteries  ™ncat10ns  of  the  trans- 

(d)  The  Vidian  branch  traverses  the  Vidian  canal  with  ,],p  ™ne,  p 

tube  and  St"°f  s  s 

^^^1:1^^^^  through  the 

chian  tube  and  sphenoidal  cells,  it  is  di^ibSll*     7    '     WhlCh'        t0  the  Eusta" 

(/)  The  nasal  or  sphenopalatine  artery  enters  the"sr>W  * 
divides  into  two  or  three  branches,  some  of '  which  Spr;'n.0/Palaflne.  ^amen,  and 
spongy  bones,  while  others  supply  theTosterior  ettmnT  J  f,^ena  Tely  °*er  the 
One  long  branch,  the  art^ofZiXJ^ZZi^LT.  ^  antrUm- 
in  a  small  vessel  which  enters  the  incisor  foramen  w 1  •  ,  S6ptum  nasi'  ends 
ing  palatine  artery.  Xiamen,  and  inosculates  with  the  descend- 

of  that  muscle.  When  the  artery  is  placed  beMat^  S50  ^  P-Iercing  the  middIe 
lodged in a  notch  in  the  poster £  i££ of  S™016'.?  fM  been  found 

down  by  fibrous  structure  S  external  pterygoid  plate,  and  bound 

In  a  case  in  which  the  internal  carol i,l  „w.!  anaaomo»'ne  branch. 

taj.  the  internal  maxillary  ^*i£SrgZ£T*  T  !°rlU°M  b~»*« 
ovale,  t.  snppl,  lls  phce.  „  0n  thej„ramcn  retund„m  and  fon,mm 

Tin.  ASOENDINCt  EHAKYNQEAL  ARtBRY. 

•^^^^^Sf  *  of  the 

half  an  Seh  t     n  J,*^™, arise,  ffl„ 
caroM  .  and  m  ilB  ttrai  w       ™  "„al      f  *  °ng'n  of  th°  «^al 
ant.ens,  close  to  the  aurface  of°X  S  °a.tte  ««"'»  capitis 

-  V5S?fSSffta£,2»f  *•  -  the  pharJM  One 

—  H,gket  np  than  these  f.^^^yj-  g| 
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upon  the  upper  constrictor,  and  sends  small  ramifications  to  the  Eustachian  tube, 
and  to  the  soft  palate  and  tonsil. 

The  last  mentioned,  or  palatine  branch,  is  sometimes  of  considerable  size,  and 
supplies  the  soft  palate,  taking  the  place  of  the  inferior  palatine  branch  of  the  facial 
artery,  -which  in  such  cases  is  small.  It  divides  into  an  anterior  and  a  posterior 
twig,  both  of  which  anastomose  with  their  fellows  of  the  opposite  side  in  the  middle 
line. 

Fig.  259. 


Fig  259  —Deep  VxB*  of  the  fatfM*  «q>  Pha»»«ai  Aetebxes  (from  R.  Quain).  * 

I  the  preparation  from  which £  SSSftffi  {E  £S 

removed,  and  the  tongue  bas  been  tan  '      ]e  1)as  Leen  turned  up  from 

pterygoid  muscle  bas  ^»*«  SKftetfenaid  ca.it,  ;  6  placed  on  the 

Within  the  zygoma  :  a,  the  root of  t ™M°™>  *m  %vLidl  the  styi0.glossus  and 

lobe  of  the  ear,  points  hy  a  bne  to       stjloid  and  the  Btylo.hyoid  detached 

stylo-pharyngeusareseen  WW*™™*^e  digastric  muscle;  c,  transverse  pro- 
from  the  hyoid  bone  ,s  thrown  bacUardE vutn  t       g  rf ^        hysis  of  tUe 

cess  of  the  atlas;  d,  ^^^th^m,^  carotid  artery ;  2,  internal 

lower  jaw  ;  /,  the  angle  of  the  hyoid  I bone    i,  stylo-phavyngeus  muscle, 

carotid  artery;  8,  external caroti t^Ki  artery  divided  where  it  enters 
points  by  a  line  to  the  upper  ]avytl„eai  branch  passing  upon  thethyro- 

tPhe  parotid  gland  ;  4  superior  thyr om  a teiy rts  taryn, ^  muscle.  5',  placed 
hyoid  membrane;  5,  lmgual  ar ery  ^*^g^;^of  the  lingual  artery  in  the  ranmc ; 

;  LSart^  cut  short ; .  ^^^3^  Z*v£  ^o  "he 
Tnldup  anlsboVs  Some  cut  branches  of  the  deep  temporal  arteries. 
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(b)  The  external  branches,  small  and  irregular  are  dktriw^i  *„  a 
muscle,  the  first  cervical  ganglion  of  the  ^^t^^\?^^ 
nerves  as  they  issue  from  the  skull,  and  to  lymphatic  slanS    C  $ ^ 
mose  with  the  ascending  cervical  branch  of  the  i^^^J°m°  °f  them  anasto" 

l^oTSt^Zl^^  tWig3'WMdl  P^ngh  the  foramen 
and,  in  a  few  instances,  it  has  been  seen  douSe  *  °r  internal  carotid> 

INTERNAL  CAROTID  ARTERY 

bone.    Entering  the  cran  al  «        f  .  f™^  f°rameQ  of  the  temporal 

foramen  lacerunf  medium  aL ,  ^  **  the 

bone,  it  passes  WrlC^^^^^^^ 

turns  abruptly  upwards  on  the  inner   kle  of  tie  r    .V™**  * 

and  divides  opposite  the  inner  end  of  the f  SvL  flantenor,  clm0ld  Pr^ess, 
the  anterior  and  middle  cere^L^  Sylmn  We  °f  the  brai»>  -to 

major  muscle,  and  has  the  ph^rvL  n,  1+  "  °n  the  rectus  anticus 

internal  jugular  vein  is  bi  contaTwith         f     ^  inQer  side"  Tbo 
lying  on  its  superficial  anterior  I  It  •  ?  J","  ^  baSe  °f  tbe  sk«1]> 
it  are  the  vagus  nerve  and  main TiX  of  t?   *  ^         tlee^  bebi»d 
mencement  the  artery  is  cove^S  on v bv  tl    f  SymPatbetic-    At  its  com- 
platysma  myoides,  and  by  fasch  and  iL  f  8'emo^oid  muscle,  by  the 
carotid.    It  soon  bowev^becles  c^  ^  d         f  ^  °f  tbe  exte™al 
lies  internal  and  posterior  to  theTxternal  ! L  I  **?  Par°tid  SIand>  a»d 
by  the  occipital  artery,  and  by  th 11°?  ^  aud  is  mossed  first 
stylo-hyoid  muscles,  Jhree  st^w ^  ^ 
arteries  ;  and  higher  Up,   by^  the  stvloiJ       suPerfifal  to  both  carotid 
muscle  and  the  glosso-p^ng  a ^Jf^S^  ^  ^P^-us 
cases,  the  pharyngeal  branch  0f  theTaJu'^    '  to»?ther  ^  in  some 
external  and  internal  carotid  arteries  '  ^  f°rWards  het"e™  the 

Within  </ie  cranium,  the  interm'l  mwj 
course  curving  forwards  and  ^t^.^  a  ™7  tortuous 

upwards  to  reach  the  sphenoi^l cm  1 ?!  T**  ^  tben  turning 
.ontally  forwardS)  and  J     ^  b0^  on  whlch  t      t  ^ 

side  of  the  anterior  clinoid  process  T  tht  T^f  P°Siti°n  0n  tbe  inner 
accompanied  by  the  carotid  and  'c  °f  lts  c°^se  the  artery  is 

nerve.  After  leaving  the  carotid  cam it  1?  T**  °f  the  pathetic 
sinus,  and  in  contact  with  it  extennl  W.  l  *  ^  fl°°r  of  ^  cavernous 
spheuoidal  fissure.    Opposite  tb  ^  ^  PaSS  th™gb  2 

of  dura  mater  which  forms  the  rocTof  thP  **  pierces  the 

arachnoid  membrane.  °0t  °f  tbe  SU1US>  and  becomes  invested  with 

By  the  winding  course  nf  n,„  •  i 

Eft ;03:ddSnc  if         s?x  jy? skui1 »■ ^  i. 

tartnorityra^S^11^. ,  ^^iona, ^  tte  iJ^T  ^  ^  thc 
trunk  havin- nrobahl  v  )?,?     ,  Carotid  canaI.  especial  I  v  ?  J  7  P  f  1?tS  considcr^ble 
8  FObably  bcen  elonSatcd  by  the  force  of  the  pulSis      SUl'jCCtS'  lh° 
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The  vertebral  artery  is  similarly  tortuous  before  entering  the  cranium. 

Brahchess.  In  the  nec,  the  intenjal  care £  ^J^^. 
branch.  While  within  the  ^.f^^^  stylo-mastoid  arteries, 
panum,  which  anastomoses  with   he  from  it  to  supply 

Within  the  cavernous  sums  some  small  branches  pro 

the  walls  of  the  sinus  and  the  ^rnal  carotid  gives  off  the 

Opposite  the  ^XatlC^rSsl  S  the  brain,  before  dividing 
ophthalmic  artery ;  and  at  the  byivia  ^  .g        d  by  the 

.o^^  ^  ^  t]l6  intemal  carotid 

"recorded  of  its  entire  absence  occasionally  seen  replaced  by  two 

The  posterior  communicating  artery  nas  mo 

very  small  vessels. 

BRANCHES  OF  THE  INTERNAL  CAROTID  ARTERY. 

I    OPHTHALMIC  ARTERY. 

'    •  •      f  m«  the  internal  carotid  artery  by  the 
The  ophthalmic  artery,  arising  trom  foramen  opticum, 

Jtf  tne  anterior  clinoid  ^^^"5^  changes  its  direction 
below  and  to  the  outer  side  o the opt*  n  along    h  U  lt 

and  side  of  the  nose. 

laC^  ^rfStol  middle  meningeal  artery  ^  d 

™  \SThe  ££a-E*  of  the  retina,  a  very  -^-ftj  its  junction  with  the 
({,)  lne  cem  a  uarter  ot  an  inc  ramifies  in  minute 

forehead.  It  aistriuu  anterior 

the  optic  nerve  as  toy  pay  „  rt   t  ,  toe  or  Wo  tw of 

coat,  irMek  t»cJ  J«>^ ? =  „y  Wo  to  »°»^ft , f  l.roid  m» 

branches;  tucy 


OPHTHALMIC  ARTERY. 
Fig  260. 
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Fig.  260. — Semidiagrammatio  View  of  thb  Arteries  op  the  Orbit  and  neighbour- 
ing parts,  with  tiieir  branohes  and  anastomoses  (founded  on  Hirschfeld  and 
Leveille,  with  additions). 

The  outer  -wall  of  the  orbit  has  been  removed,  the  sinus  maxillaris  is  laid  open,  the 
eyelids  are  turned  forwards,  and  tbe  external  and  superior  recti,  and  the  superior  oblique 
muscles  have  been  partially  removed,  a,  optic  nerve  ;  b,  hook,  holding  up  the  posterior 
part  of  the  superior  rectus  muscle,  the  anterior  part  of  which  is  left  attached  to  the  eye- 
ball ;  c,  lachrymal  gland,  thrown  up  on  the  frontal  bone  ;  d,  insertion  of  the  inferior 
oblique  muscle ;  e,  inferior  rectus  ;  /,  /,  anterior  and  posterior  portions  of  the  divided 
external  rectus  ;  g,  maxillary  sinus ;  h,  hook,  holding  up  the  eyelids,  of  which  the  deep 
surface  is  exhibited. 

I,  internal  carotid  artery  below  the  inferior  aperture  of  the  carotid  canal  of  the  temporal 
bone,  which  is  indicated  higher  up  by  a  ring  surrounding  the  artery  ;  1',  the  part  of  the 
artery  situated  within  the  temporal  bone,  a  second  ring  indicating  the  place  of  the  upper 
aperture  of  the  temporal  canal  ;  I',  the  part  of  the  artery  situated  on  the  sphenoid  bone; 
upon  this  artery,  1,  twig  to  the  mastoid  cells  and  tympanum  ;  2,  twigs  in  the  cavernous 
sinus  ;  3,  communicating  to  the  posterior  cerebral ;  4,  middle  cerebral ;  5,  anterior 
cerebral. 

II,  basilar  artery  ;  upon  this  artery,  6,  posterior  cerebral  ;  7,  superior  cerebellar  •  the 
accented  numbers,  3',  4',  5',  6',  7',  indicate,  on  the  left  side,  the  arteries  already  named 
under  the  same  numbers  on  the  right  side,  and  with  these  and  the  anterior  communicating 
branch  marked  by  + ,  complete  the  Circle  of  Willis. 


i  mPPMT»ai^  eternal  carotid  artery  dividing  into  III  x  ,  the  superficial  temporal, 
d  ill,  HI  ?  the  internal  maxillary  artery  ;  upon  the  latter  artery,  1,  inferior  dental 
branch  ;  2  middle  meningeal ;  3,  3,  masseteric  and  pterygoid  branches  ;  4,  buccal  :  5,  5. 
anterior  and  posterior  deep  temporal;  6,  posterior  superior  dental ;  7,  infraorbital  ; V 

in*  0/*hVame  1E8U'!nS  uP°n  ^e  face;  8,  part  of  the  internal  maxillary,  which 
turns  into  the  spheno-maxillary  fossa. 

IV  facial  artery  terminating  at  11,  in  the  angular,  and  giving  off,  at  12,  the  lateral 
nasal  branches,  and  others  which  communicate  with  the  infraorbital, 
th  ^,5,eth°al™l  Ll °llow)ngnurabfs  indicate  the  ophthalmic  artery  and  its  branches  :  1, 
the  ophthalmic  artery  a   its  origin  from  the  internal  carotid  ;  1',  the  same  artery  con- 

Stl  VZl         ?  de  °f  the  °rbit :  2'  b™<*  i  3,  central  artery  of 

6  suo  wbital       V  i       ^  1  5'  5'  "PPer  and  War  rausc«lar  branohes  ; 

b,  supiaoibital,  7,  7    posterior  and  anterior  ethmoidal  arteries;  8,  palpebral  •  8',  8", 

rfZSST dlUferi0rJmsi0"8;  9>  taUl  10,  nasal  communing  with  the' angular 
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pierco  the  sclerotic  within  a  line  or  two  of  the  margin  of  the  cornea.  All  these 
ciliary  arteries  anastomose  together  within  the  eyeball,  their  distribution  in  which 
will  be  particularly  described  with  the  anatomy  of  the  eyeball. 

(e)  The  muscular  branches,  subject  to  much  variety,  usually  arranged  in  an  upper 
and  lower  set,  supply  the  muscles  of  the  orbit.  _ 

(A  The  ethmoidal  branches  are  two  in  number,  a  posterior  and  an  anterior.  They 
pass  through  the  posterior  and  anterior  internal  orbital  foramina,  the  latter  in 
company  with  the  nasal  branch  of  the  ophthalmic  nerve ;  and  both  artenes,  having 
furnished  branches  to  the  ethmoidal  cells,  enter  the  skull,  supply  the  adjacent  dura 
mater,  and  send  branches  through  the  cribriform  lamella  to  the  nose. 

(a)  The  two  palpebral  branches,  superior  and  inferior,  arise  near  the  front  of  the 
orbit  usually  together,  but  soon  diverge,  one  lying  above,  the  other  below  the 
tendon  of  the  orbicularis  muscle  at  the  inner  angle  of  the  eye ;  they  form  arches, 
one  in  each  lid,  and  send  branches  to  the  caruncula  lachrymalis  and  the  lachrymal 

8flC(/i)  The  nasal  branch  courses  forwards  above  the  tendon  of  the  orbicularis  muscle 
to  the  root  of  the  nose,  where  it  ramifies,  maintaining  a  free  communication  with  the 
nasal  and  the  angular  branches  of  the  facial  artery.  _ 

(i)  The  frontal  branch  runs  close  to  the  preceding,  but  on  reaching  the  margin  of 
the  orbit  turns  upwards  on  the  forehead,  where  it  anastomoses  with  the  supraorbital 

artery.  _ 

Fi    261.  Fig-  261.— View  op  the 

Distribution  op  the 
Branches  op  the  In- 
ternal Carotid  and 
Vertebral  Arteries  to 
the  lower  parts  op 
the  Brain  (altered 
from  Hirschfeld  and 
Leveille").  ^ 

On  the  left  side  of  the 
brain   a    portion   of  the 
middle  lobe  of  the  cere- 
brum has  been  removed  so 
as  to  open  up  the  fissure  of 
Sylvius  and    expose  the 
convolutions  of  the  island 
of  Reil ;  and  the  left  half 
of  the  cerebellum  has  been 
removed  to  show  the  lower 
surface  of  the  posterior 
cerebral  lobe.    1,  placed 
on  the  optic  commissure, 
points  to  the  divided  stem 
of  the  left  internal  carotid 
artery  where  its  cerebral 
distribution    begins ;  2, 
anterior  cerebral  branch, 
exposed  fully  by  the  re- 
moval of  a  portion  of  the 
left  optic  nerve;  2',  placed 
on  the  knee  or  anterior 
bend  of  the  corpus  callo- 

!*=  +wn  arteries  ■  x ,  placed  on  the  lamina  cinerea  in  front  of  the  optic 
sum  between  its  t^o  "teneB  >  *  >  mmunicati      artery  .    3>  middle  cerebra  artery 
commissure,  marks  tne  anienor  w  <=       hrmehes  over  the  convolutions  of 

passing  into  the .fissure ,  rf Sy  ^'^^infandibulnm  and  the 

the  island  of  M^ta  posterior  communicating  artery  ;  5,  basilar 

corpora  albicantia,  points  by  a  line  to  l?e ..      eXB0Sed  on  the  left  side  by  the 

sTpnS  £iS£££  interior  i nLo, ^erebelbir  j*y  | ;  WgJjJ  -jf 
siipenui  transverse  branches  ot  the  basilar  artery  ;  V.  V,  ngn*  uuu  « 

SlSSTi?  iSSZSEl  cerebellar  arteries  ;  11,  anterior  spinal  artenes. 
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II.    ANTERIOR  AND  MIDDLE  CEREBRAL  ARTERIES. 

The  terminal  branches  of  the  internal  carotid  artery  supply  the  anterior 
and  greater  part  of  the  pia  mater  and  brain. 

The  anterior  cerebral,  commencing  at  the  subdivision  of  the  internal 
carotid  at  the  inner  end  of  the  fissure  of  Sylvius,  turns  forwards  towards 
the  middle  line  to  reach  the  longitudinal  fissure  between  the  anterior  lobes 
of  the  cerebral  hemispheres,  and  is  connected  with  the  vessel  of  the  opposite 
side  by  the  anterior  communicating  artery,  a  branch  not  more  than  two 
hues  m  length  The  two  anterior  cerebral  arteries,  lying  close  together,  in 
the  next  place  turn  round  the  anterior  border  of  the  corpus  callosum,  run 
backwards  on  its  upper  surface,  concealed  by  the  cerebral  hemispheres,  and 
end  by  anastomosing  with  the  posterior  cerebral  arteries.  In  their  course 
tney  give  numerous  branches  to  the  brain. 

The  middle  cerebral  artery,  larger  than  the  anterior,  inclines  obliquely 
outwarc,S5  tnk11Igthe  course  of  the  fissure  of  Sylvius  5  within  this  it  divides 
into  several  branches  which  ramify  in  the  pia  mater  investing  the  surfaces 

boTz:r  Thu: lobes  of  the  brain' and  **»  ^  *°  b^e.  * 

witliout  ™Z  ^ten°T  Cerebral  arteri6S-   ^rous  branches, 

bra  n  at  m  the  Pia  ™ter,  turn  upwards  at  once,  and  enter  the 

strilm  Perf°rated  Sp0t>  thr°Ugb-  Which  th^  reach  ««  corpus 

One  or  two  ceroid  arteries,  which  sometimes  arise  directly  from  the 
"dTe  C '  V*SS\h*f™*°>  ^ter  the  fissure  between  th  middle 
lobe  and  the  cnis  cerebri,  to  reach  the  descending  cornu  of  the  lateral 
ventricle,  in  which  they  are  distributed  to  the  choroid  plexZ 

^artery.  W>4^^  *  ***** 

CIRCLE  OP  WILLIS. 

^IZ^o^^J^^"™  of  the  vertebral 

the  brain  may  be  eqtiabsed  !  1  T?'  WW°h  the  ^dilation  in 
obliteration  of  oneXZi'  tw o ^7*   ?    7  ^  ^  frOD1  the 

a  corresponding  ^trfl^"'7  be  remedied  b7 

circle  of  Willis8,  result ^froma  se  "  "ST  anastom°^  known  as  the 

ing  branches.    The  anterior  Z7  ,  Comm™lcations  between  the  follow- 

artery.    The  right  and  left  tt  *  i      ?•?  by,the  anterior  communicating 
anterior  cerebral*  arte"  es ar s    ,re     Ttt'  ?6  fr0m  whi<* 

arteries  to  the  po^^^S^  ^.  ^  communicating 
trunk-the  basilar  artery  ^""f6  behind  ^  a  single 

circle  are  the  following^arlTof  the  ^°S\te'°  tbe  ««»  <*  this  vascular 
the  optic  nerves,  laming  cin ^  ea  infondtl  1?  ^  tbe  commissure  of 
albicantia  posterior  V*rtZ7^^^jt  ***  d— >  corpora 
ongin  of  the  third  pair  of  nerves  CrUra  Cerebri>  and  th« 

commSnSngartc^S  SKr^H  °\T  ^  arises  ^  an  enl^d  posterior 
vessel  with  the  basilar.  DtCrnal  Carotld'  ^  »  connected  only  by  a^endeJ 
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SUBCLAVIAN  ARTERIES. 

The  subclavian  artery  is  only  the  commencing  portion  of  a  long  trunk 
which  forms  the  main  artery  of  the  upper  limb,  and  which  is  artificially 
divided  for  purposes  of  description  into  three  parts — the  subclavian, 
axillary,  and  brachial  arteries. 

The  subclavian  artery,  arising  on  the  right  side  from  the  extremity  of  the 
innominate  stem,  and  on  the  left  from  the  arch  of  the  aorta,  passes  a  short 
way  up  into  the  neck,  arches  outwards  over  the  pleura,  and  rests  between 
the  scalenus  anticus  and  scalenus  medius  muscles  on  the  first  rib.  At  the 
outer  border  of  the  first  rib  it  ceases  to  be  called  subclavian,  and  is  con- 
tinued into  the  axillary  artery. 

Each  subclavian  artery  is  conveniently  divided  into  three  parts, — the 
first  part  extending  from  the  origin  of  the  vessel  to  the  inner  border  of  the 
anterior  scalenus  muscle  ;  the  second  consisting  of  the  portion  of  the  vessel 
situated  behind  that  muscle ;  and  the  third  reaching  outwards  to  the  external 
border  of  the  first  rib.  In  examining  each  of  these  portions  in  detail,  it 
will  be  necessary  in  the  first  part  to  give  separate  descriptions  for  the  right 
and  the  left  sides,  as  there  is  a  material  difference  in  the  anatomy  of  the  two 
vessels. 

The  first  part  of  the  right  subclavian  artery  commences  close  to 
the  trachea,  at  the  division  of  the  innominate  artery,  behind  the  upper  part 
of  the  sternoclavicular  articulation,  and  ends  at  the  inner  margin  of  the 
anterior  scalenus  muscle.  Separating  from  the  carotid  artery,  it  arches  up- 
wards and  outwards,  and  ascends  above  the  level  of  the  clavicle  to  an  extent 
which  varies  in  different  cases.  It  is  deeply  placed,  being  covered  by  the 
platysma,  the  sterno-mastoid,  the  stemo-hyoid  and  sterno-thyroid  muscles 
and  the  deep  cervical  fascia.  It  is  in  contact  with  the  pleura  infenorly,  and 
is  separated  by  an  interval  from  the  longus  colli  muscle  behind. 

Relation  to  Veins.—  The  subclavian  vein  Hes  lower  than  the  first  part  ot 
the  ri<rht  subclavian  artery,  close  under  the  clavicle.  In  its  course  to  join 
this  vein,  the  internal  jugular  passes  in  front  of  the  artery  near  the  scalenus 
muscle,  as  do  also,  nearer  the  middle  line,  the  anterior  jugular  and  a  vertebral 

V&lEelation  to  Nerves.— 'The  vagus  nerve  passes  in  front  of  the  artery  on 
the  inner  side  of  the  internal  jugular  vein,  and  its  recurrent  laryngeal 
branch,  turning  round  below  the  artery,  ascends  behmd.  Some  cardiac 
branches  of  the  sympathetic  nerve  pass  down  over  the  artery. 

The  first  part  of  the  left  subclavian  artery  anses  from  the  upper 
surface  of  the  arch  of  the  aorta,  at  the  left  end  of  its  transverse  portion 
and  ascends  to  the  margin  of  the  first  rib,  behind  the  insertion  of  the  ante  or 
scalenus  muscle.  It  is,  therefore,  longer  than  the  first  part  of  ^  nght  sub- 
clavian, and  ascends  at  first  almost  vertically  out  of  the  chest  instead  of 
arching,  like  that  vessel,  outwards  across  the  neck.  It  is  at  first  overlapped 
by  the  left  lung,  and  is  covered  in  front  and  on  the  left  side  by  the  pleura; 
it  rests  on  the  longus  colli  muscle,  and  lies,  for  a  short  space,  in  front  ot 
the  oesophagus  (here  deviating  to  the  left  side),  and  the  thoracic  duct.  Jo 
the  inner  or  right  side  of  the  vessel  are  situated  the  left  carotid  and  trachea, 
and  further  up  the  oesophagus  and  the  thoracic  duct. 

ReZtion  f(,Vein,_The°internal  jugular  vein  is  immediately  before  the 
artery  where  it  turns  outwards  from  the  thorax,  close  to  the  scalenus 
muscle  ;  and  the  left  innominate  vein  is  likewiso  anterior  to  it. 
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Relation  to  *  erves. -The  pneumogastric  nerve  is  anterior  to  the  first  part 
of  the  left  subclavian  artery,  and  parallel  with  it,  the  recurrent  branch  on 
tins  side  turning  round  below  the  arch  of  the  aorta.     The  phrenic  nerve 

Fig.  262. 


?,S"  2™*o™7n7fJ^  Subclavian  Arteries,  with 

For  the  description  of  tfc„  Nations  (from  R.  Quain).  i' 

nation  *uS^&&2^£  S?  «  *  ^    The  following  expla. 

moral  of  a  portion  of  the  clavicle  •  0       'i  6  8,ubc]av<an  vein,  shown  by  the  re- 

angle  between  the  transverJ  Sal  °n  «"  T^"™  anticus  muscle  i„te 

into  the  dPrrt  1 the  suPr^apS  a  i;yP'  7T  ar  brancheS  °'  the  %roidaris  ; 
u,to  the  deep  surface  of  the  trapezius-  10''  tL  \  -nSVerse  corvicfl1  branches  passing 
ra  ng  directly  from  the  third  par of  «L*  ,  P°8  enor  8car,,,lar  ^tery,  represented  nf 
axdlaryplexusofnervesandl.E-  the  j  ^3   ,C'a^  Pa*sn  g  EX  the 

ar  er  ''OK8  *!*  ^  1 l'  °n  the  8ca,e-8  ««™ 

thSnl  6f  '8  given  off  5  «.e  phwnio  Z  i-  P  a"e  Y',ei'e  t,,e  ascending  muscular 
the  supra-sternal  twig  0f  the  suPra-s  apu  ar  Xy     8  ^        mi'SCle  fo  theonteid«i  h 
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descends  over  the  artery  along  the  inner  margin  of  the  scalenus  muscle,  im- 
mediately outside  the  thyroid  axis.  The  cardiac  nerves  of  the  left  side, 
descending  from  the  neck,  are  close  to  the  artery. 

The  second  part  ov  the  subclavian  artery,  the  short  portion  concealed 
by  the  anterior  scalenus  muscle,  forms  the  highest  part  of  the  arch  described 
by  the  vessel  across  the  neck.  Somewhat  less  deeply  placed  than  the  first 
part,  it  is  covered  by  the  platysma  and  the  sterno-mastoid  muscle,  with 
layers  of  the  cervical  fascia.  Behind,  it  rests  against  the  middle  scalenus 
muscle  ;  and  below,  it  lies  on  the  pleura. 

Relation  to  Veins  and  Nerves. — The  subclavian  vein  is  lower  than  the 
artery,  and  is  separated  from  it  by  the  anterior  scalenus  muscle.  The 
phrenic  nerve,  which  descends  obliquely  inwards  over  that  muscle,  usually 
crosses  the  first  part  of  the  subclavian  artery  of  the  left  side  close  to  the 
muscle,  while  on  the  right  side,  not  having  quite  reached  the  margin  of  the 
muscle  at  the  level  of  the  artery,  it  is  usuaUy  separated  by  the  muscle  from 
the  second  part  of  the  artery. 

The  third  part  of  the  subclavian  artery  lies  in  a  small  triangular 
space,  the  sides  of  which  are  formed  by  the  omo-hyoid  muscle  and  clavicle, 
and  the  base  by  the  anterior  scalenus  muscle  ;  the  omo-hyoid  is  in  some 
instances  immediately  over  the  artery.  The  subclavian  artery  is  nearer  to 
the  surface  here  than  elsewhere,  being  covered  only  by  the  platysma  and 
layers  of  the  cervical  fascia,  but  towards  its  termination  it  becomes  deeper, 
sinking  under  the  clavicle  and  the  subclavius  muscle. 

Relation  to  Veins.—  The  subclavian  vein  continues  to  be  anterior  to,  and 
lower  than  the  artery.  The  external  jugular  vein  lies  over  the  artery,  and 
receives  on  the  outer  side  from  the  shoulder  the  two  veins  which  accompany 
the  supia-scapular  and  transverse  cervical  arteries.  The  veins  in  some  cases 
form  a  sort  of  plexus  over  the  artery.  . 

Relation  to  Nerves.— Above  the  vessel  are  placed  the  large  brachial 
nerves,  the  lowest  cord  formed  by  the  union  of  the  last  cervical  and  the  farst 
dorsal  nerve  being  behind  and  in  contact  with  it.  The  small  nerve  of  the 
subclavius  muscle  passes  down  over  the  artery,  and  the  space  which  lodges 
the  artery  is  crossed  in  front  by  the  superficial  descending  (clavicular) 
branches  from  the  cervical  plexus  of  nerves. 

Branches —Four  branches  are  usually  described  as  arising  from  each 
subclavian  artery.  Of  these,  three,  namely,  the  ^a\^^^e 
mammary,  and  the  thyroid  axis,  generally  spring  close  together  from  tlie 
first  part  of  the  artery,  near  the  inner  side  of  the  anterior  scalenus  muscle 
while  the  fourth  branch,  the  superior  intercostal,  is  usually  found  mterna I  to 
•  that  muscle  on  the  left  side,  but  arising  under  cover  of  it,  from  the  second 

part  of  the  artery  on  the  right. 

The  vertebral  artery  springs  from  the  upper  and  back  part  of  the  sub- 
clavian, and  ascends  in  the  neck  to  reach  the  interior  of  the  skull;  the 
internal  mammary  proceeds  from  the  lower  side  of  the  vessel,  and  descends 
iuto  the  fore  part  of  the  chest  and  abdomen  ;  the  thyroid  axis  arises  from 
the  front  of  the  artery,  and  divides  into  three  branches,  one  of  which  the 
inferior  thyroid,  is  distributed  in  the  fore  part  of  the  neck,  whilst  the  other 
two  the  suprascapular  and  the  transverse  cervical,  pass  outwards  across  tue 
ueck  to  the  shoulder  ;  lastly,  the  superior  intercostal  and  deep  cervical 
arise  by  a  common  stem  from  the  back  part  of  the  artery,  and  pass  into  the 
unr.er  part  of  the  thoracic  wall  and  the  posterior  muscles  of  the  neck.  _ 
S  cervical  is  reckoned  by  some  writers  as  a  fifth  branch  of  the  subclavian 
artery,  but  it  usually  rises  in  common  with  the  superior  intercostal  artery. 
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Another  branch,  in  the  great  majority  of  instances,  arises  from  the  third 
part  of  the  artery.  This  is  most  frequently  the  posterior  scapular  arteiy,  a 
branch  which  otherwise  is  derived  from  the  transverse  cervical,  one  of  the 
divisions  of  the  thyroid  axis.  This  circumstance  is  of  surgical  interest,  as 
the  third  part  of  the  subclavian  artery  is  the  portion  of  the  vessel  usually 
tied  for  axillary  aneurism.  As  the  right  subclavian  artery  is  likewise 
accessible  to  the  surgeon  in  its  first  part,  it  is  proper  to  mention  that  the 
distance  between  the  origin  of  the  vessel  and  its  first  branch  is  usually 
between  half  an  inch  and  an  inch,  and  that  it  very  rarely  is  less  than  half 
an  inch  or  more  than  an  inch  and  a  half. 

_  Peculiarities.—  The  variations  in  origin  of  the  subclavian  arteries  Lave  been  con- 
sidered along  with  the  peculiarities  of  the  arch  of  the  aorta. 

Course.—  The  height  to  which  these  vessels  reach  in  the  neck  is  liable  to  some 
variation.  Most  commonly  the  artery  crosses  the  neck  a  little  higher  than  the 
clavicle,  but  it  is  sometimes  placed  as  high  as  an  inch  or  even  an  inch  and  a  half 
above  the  level  of  that  bone.  The  greater  extent  of  elevation  above  the  clavicle  how- 
ever, is  especially  seen  in  the  artery  of  the  right  side.  Occasionally  the  subclavian 
arteiy  perforates  the  anterior  scalenus  muscle,  and  in  a  few  rare  cases  it  has  been  seen 
altogether  in  front  of  the  muscle,  and  close  to  the  subclavian  vein.  That  vein  has 
been  also  seen  to  pass  with  the  artery  behind  the  scalenus  muscle. 

Branches.— Besides  the  variation  in  amount  of  the  branches  already  referred  to 
it  may  be  noticed  that,  in  a  few  cases,  one  or  more  of  the  three  first  branches  have 
been  found  moved  inwards  from  their  usual  position,  or  outwards  to  another  division 
of  the  subclavian    Sometimes  two,  and  much  more  rarely  three  branches  arise  from 
the  third  part  of  the  vessel. 


BRANCHES  OF  THE  SUBCLAVIAN"  ARTERY. 

I.    VERTEBRAX  ARTERY. 

The  vertebral  artery,  which  is  usually  the  first  and  largest  branch  of  the 
subclavian,  arising  from  the  upper  and  back  part  of  that  vessel  passes 
upwards  and  a  little  backwards,  and  enters  the  transverse  foramen  of  the 
sixth  cervical  vertebra— not  unfrequently  that  of  some  higher  vertebra 
1  he  vessel  then  ascends  in  a  vertical  direction  through  the  series  of  foramina 
oi  the  transverse  processes,  as  far  as  to  the  upper  border  of  the  axis  •  there 
it .  inclines  outwards  to  reach  the  corresponding  foramen  of  the  atlas  and 
after  passing  through  that  aperture  winds  backwards  and  inwards  in  the 
groove  on  the  neural  arch  of  that  vertebra,  and,  piercing  the  dura  mater 
enters  the  skull  through  the  foramen  magnum.  Finally,  it  proCel2 
upwards  and  forwards,  and  turning  round  from  the  side  to  the  fron  of  the 
medulla  oblongata  on  the  basdar  process  of  the  occipital  bone,  unites  with 

At  its  commencement,  the  vertebral  artery  lies  behind  the  internal  iiumW 
vein,  and  on  approaching  the  vertebra,  passes  between  the  lonZ  colK  S 
the  scalenus  anticus  muscle  On  the  lpft  +1,  +1  \  lf?us  coil1  <lud 
crosses  in  front  of  the  vessel  t£^£^^**  » 

panTe^by^exttri^  2  7*"  mW«>  tbe  ^  is  — 
ivhieh,  as  the  vTels  issue  ZTT  r  ""^  *"*  hy  ^  vertebral  vein, 
front  'of  thelrterv     the    o  XV      f°m\o(  the  ™th  vertebra,  is  in 

vertebral  forffie  Shiud T  tCIS  Z  SPi  ^  W  th° 

U        ihe  sub-occipital  nerve  passes  out  beneath 
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it,  "where  it  lies  on  the  groove  of  the  atlas,  and  at  that  point  the  artery  is 
covered  by  the  superior  oblique  muscle. 

Within  the  skull  it  turns  round  the  side  of  the  medulla  oblongata,  be- 
tween the  origin  of  the  hypoglossal  nerve  and  the  anterior  root  of  the 
sub-occipital,  and  then  lies  between  the  anterior  surface  of  the  medulla  and 
the  basilar  process  of  the  occipital  bone. 


Fig.  263. 


Fig.  263.  —  Deep  Dis- 
section of  the  Sub- 
clavian Artery  on  the 
right  side,  showing 
the  origin  and  course 
op  the  Vertebral 
Artery  (from  Tiede- 
niann).  3 

a,  Upper  part  of  the 
stemo-mastoid  muscle,  its 
clavicular  part  divided 
below ;  b,  spinous  process 
of  the  axis;  c,  superior 
oblique  muscle  ;  d,  placed 
on  the  inferior  oblique 
muscle,  points  by  a  Hue 
to  the  posterior  arch  of  the 
atlas  vertebra ;  e,  semi- 
spinalis  colli;  /,  placed 
on  the  longus  colli,  points 
to  the  transverse  process 
of  the  sixth  cervical  ver- 
tebra ;  g,  on  the  first  rib, 
points  to  the  scalenus 
anticns  muscle  cut  near 
its  attachment  ;  1,  inno- 
minate artery ;  2,  right 
common  carotid  ;  3,  right 
subclavian  ;  below  it,  the 
origin  of  the  internal 
mammary  artery  ;  above 
it,  4,  the  thyroid  axis, 
its  branches  cut  short ; 
5,  vertebral  artery,  pass- 
ing up  through  the  canal 
of  the  transverse  pro- 
cesses and  giving  branches 
to  the  muscles  ;  5',  placed 
on  the  rectus  major,  points 
ta  its  horizontal  part  on 


the  arch  of  the  atlas;  6,  placed  on  the  lower  part  of  the  divided  scale nus  med  us  points 
to  the  trunk  of  the  deep  cervical  and  first  intercostal  arteries;  6,  placed  on  the  scalen  s 
median,  points  to  the  deep  cervical  artery;  7,  occipital  artery  emerging  from  below  the 
sterno-mastoid  and  other  muscles  attached  to  the  mastoid  process. 


Branches. — A.  Cervical  branches: 

(a)  In  the  neck,  the  vertebral  artery  sends  off  at  different  points  of  its  course 
several  small  brandies  named  spinal  arteries.  Each  of  these  entering  the  spinal 
canal  through  an  intervertebral  foramen  divides  into  two  branches;  one  of  these 
pauses  along  the  roots  of  the  spinal  nerves,  supplying  the  spinal  cord  and  its  mem- 
branes and  anastomoses  with  the  other  spinal  arteries;  the  other  branch  ramifies 
on  the 'back  part  of  the  bodies  of  t  he  vertebrae  in  the  same  manner  as  similar  branches 
derived  from  the  intercostal  and  lumbar  arteries. 
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m£}JtSCUlar  braUCheS  °f  VariaWe  8126  ^  distributed  t0       deep-seated  cervical 
B.  Cranial  branches  : 

(a)  The  posterior  meningeal  artery  is  a  small  branch  which  arises  opposite  Ch* 
foramen  magnum  and  ramifies  between  the  dura  mater  and  the  bonetn  Z  occiniH? 
fossa,  and  upon  the  falx  cerebelli.    There  are  sometimes  two  of  these  .L^vS 

mmmmm 

series  of  little  inosculating  vessels  ITll'  S  fhf  .to.rtuou8  vessel>  ™  rather  a 
terminates  in  ramifications^n "e  ca^da  eqiI1na  ^  Where  ifc 

thitd^^^  J^*ft  tb*  P-ceding,  arises  near 

oblongata.    Immedhtelv below  «, ff  °bhquely  in  front  of  the  medulla 

ing  vessel  of  the  oppoSto  sM s ™  5 T**  ^T'  *  UniteS  With  the  ™Pond- 
distance  only  along"? »  SiSle  ^£  ?Zt 'o???16  ^  deSCends  a  sbort 

part  or  commencement  of  Z  nZ  ,     the  Spinal  cord>  forminS  the  upper 

spina,  branch  oftTe  vertebral  S^SS!iSSL llv  V"1*  ^ 
cord;  the  remainder  being  provided  with  aI  ;!  n    f  the  Upper  part  of  the 

in  the  neck  from  the  vertebral  and  nirLT  V™'1  .artene8>  which  are  derived 
intercostal,  and  below  Ih  fr0m  the  umbar  tlT  k""**  J"  ^  back  fr0m  the 
These  small  vessels  enter  £°p^  ^t1^'"'.  ?d  'f61?1  sacraI  art^es. 
vertebral  foramina,  and  passing"  along  the  roZ^   ^  the  intei" 

each  other  along  the  middle  life  bv  LIT.  T       J     nerVes'  C0I™unicate  with 

so  that,  bj^J^u^T^^^^1^  Td  deTending  branches«- 
ness,  named  the  anterior  mJTa^IZ^^  f  ^/essel  of  varying  thick- 
other  of  the  cord.  This  vessel  or  chain  of  ?™?  i  *  fTOm  the  °ne  end  to  the 
and  the  substance  of  the  S^^SCSSL^  the  pia  mater 
lower  end  of  the  spinal  cord  it         i  ente"nS  the  anterior  median  fissure.    At  the 

On  a  part  of  he"  spina  c  r  nea I  ttlZ  ™  ^J™^  °n  the  cauda  e^*a- 
of  the  nerves,  may  £  to^^^Z^Z^  ^  °f       P°Steri°r  ™ta 
spinal.  8mau  arterv>  a°out  equal  in  size  to  the  anterior 

wards  and  outwards,  between  the  hyJorfoiJ  ,n  l  basilar  arterv  :  »  turns  back- 
restiform  body  and  near  the  side  i  the"  open  5*  fZT™^™  m'  0ver  the 
under  surface  of  the  cerebellum.    Here  Sin*  f  V£ntricle'  to  readl  tbe 

vermiform  process  and  the  hemisphere  it  diS-  f  ^  betWCen  tbe  inferior 
cont.nues  backwards  in  the  sulcus  between  rt  ■  ,°  tW°  brancbes  :  one  of  which 
outwards,  ramifies  on  the  unde  •  su rfoc  of  ,t  ^8'-  ^  *"  ^  tU'"ninS 

over  which  the  ultimate  divisions  of  ol  .  ^  ^  for  aS  its  outer  b°rder 
superior  cerebellar  arteries.  S  arte* T^T*6  with  those  of  the 
vermiform  process,  and  gives  b^^iff^JS^  ^  hemi8P^re  and  the 

the  common  carotid  of  the  same  side ^n  some  o  XS7  a8  been  SGen  to  arise  &<™ 
clavian  has  been  given  as  a  separate  veSel  from  *ST  **  VU<>h  the  riSht  s»'>- 
vcry  rare  instances,  the  right  vertebrll artcrv Z     f.P°Ster'or  Pai't  of  the  aorta.  In 

The  left  vertebral  artery  is  not  ,2      7.  fr°m  the  aorta- 

t  generally  arises  between  h Heft  S'f' ^  d<??Fed  from  the  a"ria,  in  which  ca.se 

13  ,tbe  ft  of  **•  branches  fr0m  tt  ^  8UbC,aViaQ  arterics'  but  -dStoTS 

i  ne  let t  vertebral  arfpw  ;r,  -  r 

Cow?™.— Instead  of  cnterintr  tho  f 
of  one  side  not  unfrequent/^ 

mgner  up,  through  the  foramen  of  the  fifth,  or 


370  SUBCLAVIAN  ARTERIES. 

fourth,  or  more  rarely  of  the  third  vertebra,  or  even,  according  to  several  anatomists, 
of  the  second.  On  the  other  hand,  the  vertebral  artery  has  been  seen  to  enter  the 
foramen  of  the  seventh  vertebra. 

Branches.— \n  the  neck,  the  vertebral  artery  has  been  found,  though  very  rarely, 
to  give  branches  which  are  usually  derived  from  the  subclavian,  such  as  the  superior 
intercostal  and  the  inferior  thyroid. 


BASILAR  AND  POSTERIOR  CEREBRAL  ARTERIES 

Tie  basilar 

and 


The  basilar  artery,  the  single  trunk  formed  by  the  junction  of  the  right 
and  left  vertebral  in  the  middle  line,  extends  from  the  posterior  to  the 
anterior  border  of  the  pons  Varolii,  along  the  median  groove  of  which  it  lies 
under  cover  of  the  arachnoid.  The  length  of  this  artery  is  therefore  about 
equal  to  that  of  the  pons,  at  the  anterior  border  of  which  it  divides  into 
two  terminal  branches,  the  posterior  arteries  of  the  cerebrum. 

Branches.— Besides  numerous  small  branches  to  the  substance  of  the 
pons,  the  basilar  artery  gives  off  the  following  :— 

(a)  The  transverse  arteries,  several  on  each  side,  pass  directly  outwards  One  the 
artery  of  the  acoustic  nerve,  accompanies  that  nerve  into  the  internal  auditoiy 

mt^te<S^Xf^^<^  arte"es  ^  ^™«*>™  on  each  side  to 
the  anteiior  pai't  of  the  under  surface  of  the  cerebellum,  anastomosing  with  the 
infprior  cerebellar  branches  of  the  vertebral  arteries. 

(S%b^Z^  cerebellar  arteries  arise  so  close  to  the  bifurcation  of  the  basilar, 
4Wtl„,  ^terv  is  described  by  several  anatomists  as  dividing  into  four  branchos 
that  this  aite.y  is^ J^"DC"  °*    twards  immcdiately  behind  the  third  nerve,  and 

S£J iSSSZ&XSZ  Ui  -  » «...  *  — . 

and  in  part  the  velum  iuterpositum. 

The  posterior  cerebral  artery  on  each  side,  resulting  from  the  division  of 
+Jb  J  Z Masses  outwards,  parallel  to  the  superior  cerebellar  artery  and 
the  basi  Jar,  . Pfjy  7oariwi;L  tlie  third  nerve,  which  comes  forwards  be- 
separated  from  it  at  its  on  n  uy  ^  ^         ^  ^ 

tween  the  two  vessels.  ItU'ftJf™  Surface  of  the  posterior  lobe  of  the 
runs  outwards  and  ^^^^^  °f  the  " 
cerebrum,  7*^^^^/^  which  ramify  upon 
r"-dtr-d  ^  sur-faces,  ami  anastomose  with  the  other 
cerebral  arteries. 

v„t«w  *ftrr  its  origin  the  posterior  cerebral  artery  gives  oft 
Buanoues.-  mmedmte ly  afte  ^  gJPJ  substance  of  the  brain  between 

numerous  small  ^^SftaSS^m  this  circumstance  the  posterior  perforated 
the  crura,  at  the  point  ^  hick  u  «un  1  {t      ■  {    tUg  arterv  is  joined 

spot.    As  it  turns  backwards  a  short  distance    om    *      g   >  ag  already 

by  the  posterior  <^^^^%^t  Last  y  he  posterior  cerebral  gives 
described  (p.  3G3)  to  form  the  circle  o f  Wil  Us.    L  stlj,  the ,  I >  ^  ^  q 

origin  to  a  small  branch,  ^^\^^^CL  cerebri  and  the  tuber- 

Si  found  in  the  interior  of  the 

PECULiAurriES.-Traccs  of  a  septum l  are s  some  ^  bceu 

the  median  line. 


THYROID  AXIS.  m 

The  posterior  cerebral  artery  is  occasionally  given  off  on  one  side  from  tlic  internal 
carotid  artery. 

II.   THYROID  AXIS. 

The  thyroid  axis  springs  from  the  fore  part  of  the  subclavian  artery 
close  to  the  inner  side  of  the  anterior  scalenus  muscle.  It  is  a  short  thick 
trunk,  and  receives  the  name  of  "axis,"  because,  at  a  line  or  two  from  its 
origin,  it  divides  into  branches,  which  diverge  in  different  directions  viz 
the  inferior  or  ascending  thyroid,  the  suprascapular,  and  a  third  branch' 
which  is  either  the  transverse  cervical,  or  one  of  the  branches  into  which 
that  artery,  when  present,  divides,  viz.,  the  superficial  cervical. 

PEcuLiAiuTiEs.-The  thyroid  axis  has  been  known  to  arise  beyond  the  scalenus 
anticus  muscle.  It  may  be  associated  at  its  origin  with  another  branch;  thus  it 
sometimes  gives  origin  to  the  internal  mammary,  and  has  heen  known  to  give  oririn 
to  the  vertebral,  superior  intercostal,  or  deep  cervical  arteries. 

1.  The  Inferior  Thyroid  Artery  passes  directly  upwards,  resting  on 
the  longus  colli  muscle,  and  after  a  short  course  bends  inwards  and  down- 
wards behind  the  sheath  of  the  large  cervical  vessels,  and  also  behind  the 
sympathetic  nerve  (the  middle  cervical  ganglion  of  which,  when  present 
often  rests  upon  this  vessel).  The  artery  then  makes  another  cm-ve  in  the 
opposite  direction,  and  is  distributed  to  the  under  part  of  the  thyroid 
body.  Its  branches  communicate  freely  with  those  of  the  superior  thyroid 
artery,  and  with  the  corresponding  artery  of  the  other  side. 

Branches.— (a)  The  ascending  cervical  branch  arises  at  ihP  nmnf  wi  *i 
inferior  thyroid  turns  inwards  behiud  the  carotid  arte  y  if  p^e£  u wlrTdoS 

artery  sends  one  or  two  branches  (s/ina iVaZh ST  whth  L  t  r  ^  ^ 

(b)  A  laryngeal  branch  of  irregular  size  is  usually  supplied  bv  the  In  fart™.  *i  ■  i 
artery ;  it  ascends  on  the  trachea  and  the  back  of  tl  .. i  ,  Y  J  •  ln,fmor  %roid 
the  muscles  and  mucous  membraneTn  that  sUuatbn  "  dlStributed  t0 

bronch^rart:^1168  ^  l™h™>  and  below  with  the 

A?£SCal  bl'anCheS  ^  giVCQ  °ff'  and  one  -  -ore  descend  upon  the  trachea 

-de~b^7h^  arises  as  an 

or  the  vertebral.  Instances  have  or^  flj  ^  T d,y  fr°m  the  common  carotid 
two  inferior  thyroid  SSSSSl'S'!^'  however-of  the  presence  of 

The  ascending  cervical  arterT^nT^     »    ,  c.omm°n  carotid  artery, 
one  of  the  branches  of 7ha t  71  \          EX  denved  fr0ra  th*  ^ 

avian  or  from 

or  from  a  trunk  commou  Jo^^tw^ri^^^0110'  the  suP™™pular, 
usual,  and  takes  the  place  of  the  ^1^1  a     t    I  hi  mUck  ***  ** 

compensates  for  the  small  size  of  the  deep  cervfeal  artery  *  Mt 

2.  The  Suprascapular  Artfrv 
humeral),  a  smaller  vessel  than  lb i  ?      '86   8Capular'  0r  Averse 
constantly  from  the  thyroid  axis  anf,  „  tra"sverse  .  ^rvical,  arises  almost 
the  root  of  the  neck.     At  first  it  T.     T     T  Wlthin  outwar^  deeply  at 
resting  upon  the  scalenus  ! t  ens  ^  ^  °^*> 

amicus,  and  covered  by  the  sterno-mastoid 
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muscle  ;  it  then  crosses  the  subclavian  artery,  and  continues  transversely 
outwards  behind  and  parallel  with  the  clavicle  and  subclavius  muscle, 
and  below  the  posterior  belly  of  the  omo  hyoid  muscle.  Approaching  the 
upper  margin  of  the  scapula,  under  cover  of  the  trapezius  muscle,  it 'inclines 


Fig.  264. 


Fig.  264.— View  op 
the  Anastomoses 
op  Arteries  on 
the  Shoulder 
and  Dorsum  of 
the  ScAPULA(from 
Tiedeinann).  J 

a,  sterno-mastoid 
muscle  ;  6,  trapezius 
turned  towards  the 
leftside  ;  c,  spleuius 
capitis,  and  below  it 
splenius  colli  ;  d, 
levator  auguli  sca- 
pulas ;    e,  serratus 
posticus  superior  ;  /, 
rhomboideus  minor, 
and  g,  rhomboideus 
major,  divided  from 
the  base  of  the  sca- 
pula ;  A,  teres  major, 
i,  teres  minor  ;  k, 
scapular  head  of  the 
triceps   brachii  ;  I, 
serratus  magnus ;  v, 
dfep  surface  of  the 
deltoid  muscleturned 
down  ;  o,  portion  of 
the  infraspinatus 
muscle  attached  to 
the  great  tuberosity 
of  the  humerus,  the 
rest  having  been  re- 
moved from  the  in- 
fraspinal  fossa  ;   1 , 
occipital  artery  ap- 
pearing between  the 
trapezius  and  sterno- 
mastoid  muscles ;  2, 
superficial  cervical 
branch  of  the  trans- 
verse cervical  artery ; 
2',  2',  posterior  sca- 
pular artery  ;   2  + , 
its  supraspinous 
branch ;    3,  supra- 
scapular artery  ;  3 , 
the  same  after  pass- 
ing through  the  sca- 
pular notch  into  the 
infraspinous  fossa, 
where  it  anastomoses 
with  4,  the  dorsal 

branch  of  the  subscapular  artery  ;  V,  inferior  scapular  branch  * /j^jgjifi 
some  of  the  descending  thoracic  branches  of  the  subscapular  arte ry 6,  po. *  nor  CU 
arterv  emerging  from  the  quadrangular  space,  and  sending  branches  upwai 
shoulder-joint,  found  the  humerus,  and  downwards  into  the  deltmd  muscle ; J nnask 
mosis  of  the  acromial  branches  of  the  suprascapular  with  the  acronuo-thoracio  artery. 
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downwards  with  the  suprascapular  nerve  towards  the  suprascapular  notch 
the  w  r      ™»erve™™Uy  Pa88<*  beneath  the  ligament  stretched  across 
the  notch  while  the  artery  more  frequently  turns  over  it  to  enter  the  supra! 

SSin  tte  f     ^  t0         b0U6'  {t  °ff  b™C bes  S 

amify  m  the  fossa  beneath  the  supraspinal  muscle,  and  sends  a  small 

rSiSSSa: by  the  suprascapu,ar  artei- to  the 

(6)  The  supra-acromial  branch  passes  obliquely  forward*  thrnnn*  fl«  „.*  i 

W  A  small  subscapular  branch  given  off  i«  thP  oU,™,  ~ 
anastomoses  with  the  posterior  scapula an Uubscapuh   arleSfm  7"  ^  ^ 
fossa  and  substance  of  the  subscapular  muscle       ?  *  the  subscaPular 

dcSndt^frtTth^  the  f»P-capu,ar  artery,  and 

spine  of  that  bone,  jofn with  L  dorsal    n    f'  £le™d  cavity  and  the 

(.)  Branches  enter  the  bone  SaSS^*  ^  SUbSCaPUlar  art^ 

sprinn^from1^  JSt^  T  ^  h™  d  to 

with  the  tnL^t^ST^^^^^^^^^  trunk 

higher  than  the  suprascap £ ^artrv     It  ^  End  tWefore 

and  the  brachial  r&^Z&^*  ■ *  T  °Ver  the  scaleni  ""»des 
and  is  crossed  by the om hvt ,  S  i*™"1  the  nerves  of  *»»  ^tter, 
the  trapeZius,  of^tvaf  ^  * 

divides   into   two   branches    th„  «  •  ,  anguh  scaP^3  it 

scapular.  inches,  the  superficial  cervical   and  the  posterior 

The  superficial  cervical  artery  ascend*  h«t,o.,+i,  *i  .  , 

trapezius,  and  distributes  branched to t  ,t  n  !  ^  f^™  b°rder  of  the 
and  sterno-mastoid  muse £ a wel t  tolh'e  T  ^  SCapU^ 

integuments  in  the  intervals  between  +1  ,    ™Cal  glauds  aud  «"» 

scapular  arises  separately  Tl't ^  c£  T  *  ^  P°Sterior 
may  be  given  to  the  whole  nm^^S]^  SUper6cial  cervi^ 

The  ^osfenor  scapular  artery  whe°tW       • the  *lausverse  cervical  artery, 
artery  or  directly  from  the  subdavtf"  'l™  f°  cer^al 

of  the  scapula,  under  cover  of  the TvltT.T  V       ^  t0  ^  ^ 
its  direction,  runs  downwards beneath th^T  u^'  &Ud  theu  cban/ng 
inferior  angle  of  that  bone.    ItZ^l^T^  T^*'  aS  far  "  ^ 
scapula  with  the  divisions  of  the  "n  °Q  b°th  Surfac<*  of  the 

and  supplies  branches  to the  rtaffiT^         SubscaP^- arteries 
dorsi  muscles,  communicating  at  the  sle'Zl    IT^'  ^  lafcissimus 
branches  of  some  of  the  intercostal ^arteriel  ^  P°Sterl°r  muscular 

Peculiarities. — Not  onlv  do 
present  the  variation  of  he\L  n     ,     transversc  cervical  branch  of  th*         -a  ■ 
Pjing  also  the  V^^^^^  *•  -V-M  epical  2i!SSS 
derived  from  the  thyroid  axis  is  very 2]  "   J   occ^onally  happens  that  t ],  7ve2l 

near  the  levator  anguli  8(japBte .inft^g^  the  subclavian 

DWn«W^  of  which  one  ascends  and 
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represents  the  remaining  and  larger  portion  of  the  superficial  cervical  artery,  while 
the  other  forms  the  posterior  scapular. 

The  transverse  cervical  artery  is  sometimes  derived  directly  from  the  subclavian, 
beneath  or  even  beyond  the  scalenus  anticus  muscle.  The  transverse  cervical  some- 
times gives  off  the  ascending  cervical  artery. 

When  the  superficial  cervical  is  separated  from  the  posterior  scapular,  it  sometimes 
arises  from  other  sources  than  the  thyroid  axis,  as  from  the  suprascapular  or  the 
subclavian  artery. 


III.    INTERNAL  MAMMARY  ARTERY. 


The  internal  mammary  artery,  remarkable  for  its  length  and  the  number 
of  its  branches,  arises  from  the  under  side  of  the  subclavian,  opposite  the 
thyroid  axis.  It  runs  forwards  and  downwards  behind  the  clavicle  to  the 
inner  surface  of  the  cartilage  of  the  first  rib,  lying  between  this  and  the  sac 
of  the  pleura  :  from  this  point  it  inclines  a  little  inwards,  and  then  descends 
vertically  behind  the  costal  cartilages,  a  short  distance  from  the  border  of 
the  sternum,  as  far  as  to  the  interval  between  the  sixth  and  seventh 
cartilages,  where  it  ends  by  dividing  into  two  branches.  One  of  the 
branches  into  which  the  artery  divides,  musculo-phrenic,  inclines  outwards 
along  the  margin  of  the  thorax  ;  while  the  other,  under  the  names  of 
abdominal  or  superior  epigastric,  continues  onwards  to  the  abdomen  in  the 
original  direction  of  the  trunk. 

Covered  at  its  origin  by  the  internal  jugular  vein,  like  the  other  large 
branches  of  the  subclavian  artery,  the  internal  mammary  soon  passes  behind 
the  subclavian  vein,  and  is  crossed  in  front  by  the  phrenic  nerve  which  lies 
between  the  vein  and  the  artery.  In  the  chest  it  has  the  costal  cartilages 
and  the  internal  intercostal  muscles  in  front,  and  lies  at  first  upon  the 
pleura  •  but  lower  down  it  is  separated  from  the  pleura  by  the  triangularis 
sterni  muscle.  This  artery  has  two  companion  veins,  which  are  united  into 
a  single  trunk  at  the  upper  part  of  the  chest. 

Branches. — The  branches  of  this  artery  arc  numerous,  and  are  distributed  chiefly 
in  the  walls  of  the  chest  and  abdomen. 

(„\  The  superior  phrenic  or  comes  nervi  phrenici,  a  very  slender  bu  long  branch 
arises  high  in  the  chest,  and  descends  with  the  phrenic  nerve  between  the  pleura  and 
SrSrdium,to  the  diaphragm,  in  which  it  is  distributed,  anastomosing  with 
offLte  from  the  musculo-phrenic  and  with  the  inferior  phrenic  arteries  from  the  ab- 

^Z^T^diaM  or  thymic  branches,  of  very  small  size,  ramify  in  the  loose  con- 
nect ve  tissue  of  the  mediastinal  space,  and  supply  the  remains  of  the  thymus  body 
wWch  when  to  full  development,  receives  its  principal  branches  from  the  internal 
which,  w  hen  m  u  J       branches  are  given  off  directly  to  the  upper  part  of 

SHS?^  ----  *°t  from  thie  ™ru,0-phrtc 

SmE     Brandies  named  sternal  are  also  supplied  to  the  triangularis  sterni  muscle, 

^X^a^^TZnes,  two  in  each  space,  arise  from  the  mternal 
(  }  rl  tuher  senarately  or  by  a  trunk  common  to  the  two,  which  soon  divides. 
J!KSe.SJ ^oEr  S  firs"  between  the  pleura  and  the  internal  intercostal 
muscles  SdXSS  between  the  two  layers  of  intercostal* ;  they  lie,  one  near 
muscles,  ana  a"er  ,h  j  rib  in  each  of  the  upper  five  or  six  intercostal 
the  «PP'^^  intercostal  branches  derived  from  the 

^i£S£^E2  branches  supply  the  intercostal  and  pectoral  muscles,  and 

'*h*£2££  from  the  internal  _ 

,(  0  TrouT from  four  to  six  intercostal  spaces,  and  turning  outward  nun,! 
partly  iXe^tZi  major,  and  partly  in  the  integument  on  the  front  of  the  chest, 
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Those  placed  nearest  to  the  mammary  gland  supply  that  organ,  and  in  the  female 
they  arc  of  comparatively  large  size,  especially  during  lactation.  Some  offsets  ramifv 
on  the  sternum.  "j 


Fig.  265. 


Fig.  265— Dissection  op  tiie  rigjit  side 

OP  THE  ANTERIOR  TnORAOIO  AND  AB- 
DOMINAL Wall,  to  snow  the  Anasto- 
moses op  the  Internal  Mammary, 
Intercostal,  and  Epigastric  Vessbls 
(slightly  altered  from  Tiedemann).  \ 

The  pectoral  part  of  the  serratus  mag- 

flus,  the  external  and  internal  ob- 
lique, and  the  rectus  abdominis  muscles, 

have  been  removed  ;  1,  upon  the  subelavius 

muscle,  points  to  the  first  part   of  the 

axillary  artery  above  the  pectoralis  minor 

muscle,  giving  rise  to  the  acromio-thoracic 

artery  winch  is  cut  short;  2,  upon  the 

pectoralis  minor,  points  to  the  lower  part 

of  the  axillary  artery  and  vein  ;  3,  the 

long  thoracic  artery  ;  4,  on  the  cartilage  of 
the  first  rib,  marks  the  upper  part  of  the 
internal  mammary  artery  ;  4',  the  lower 
part  of  the  same  artery  giving  its  abdominal 
branch  behind  the  cartilage  of  the  seventh 
no;  5,  m  the  fourth  iutercostal  space, 
marks  the  anastomosis  of  the  internal 
mammary  and  intercostal  arteries  •  6 
antenor  branches  of  the  internal  mam- 
mary artery  ramifying  over  the  front  of  the 
sternum ;  7,  on  the  transversalis  muscle 
immediately  above  the  internal  inguinal 
aperture  points  to  the  last  part  of  the  ex- 
ternal ihac  artery,  from  which  are  seen 
rising,  8,  the  deep  epigastric  artery,  and 
9,  the  deep  circumflex  iliac  ;  10,  the  anas- 
tomosis of  the  epigastric  with  the  abdomi- 

?rtL  ?5 \£f  thC  iDternal  ™mma,y 
arteiy  11,  the  spermatic  cord  and  sper- 
matic twig  of  the  epigastric  artery;  12 
the  femoral  artery  giving  small  twigs  to 
the  groin  and  the  superficial  pudic  vessels  ; 
V'  ,thf  (em°ral  vein;  14,  a  lymphatic 
gland  closing  the  femoral  ring. 

(e)  The  musevh-phrmic  artery  thP 
miter  of  the  two  branches  into  which  the 
interna    mammary  artery  divides,  in- 
clines downwards  and  0Utwan]8  > 
the  cartilages  of  the  false  ribs,  perforating 
the  attachment  of  the  diaphragm  at  thf 
eighth  or  ninth  rib,  and  becommg  7  a 
dually  reduced  in  sizp  ».  u       i °  , 
last  intercostal  spac   *  "  1**?**  ?e 
backwards  into  ^4^,^32? 

micrcostals  of  each  space,  and  are  di«   

posed  precisely  like  those  which  ,~  j    •    ,  , 

mary ;  ami  some  which  descend  into  the ^d  S  UP  &T  thc  main  intc™'  mam- 
U)  Ihe  abdominal  branch  or         ■     r,Uominal  muscles. 

and  its  sheath;  and  afterwards,  intaSJi?  *23?  beU'CCn  thc  lnusc^e 

g  tUe  muscle,  terminates  in  its  substance,  at 
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the  same  time  anastomosing  with  the  epigastric  artery  It  also  supplies  twigs  to  the 
broad  muscles  of  the  belly,  to  the  skin,  and  to  the  diaphragm ;  and  one ™* £j«dj 
upon  the  side  and  front  of  the  xiphoid  cartilage,  where  it  anastomo.es  with  that  ot 

%Sx^iS:-The  internal  mammary  is  occasionally  found  connected  at  its 
origS  XtS  thyroid  axis,  or  with  the  ^  ^t^. 
from  the  thyroid.    It  occasionally  springs  from  the  second  or  third  part  of  the  sub 
San  artery  (the  latter  being  the  more  frequent  position  of  the  two)    Id  ver ,  rare 
w  been  found  arising  from  the  axillary,  the  innominate,  or  the  aoita. 

occasionally  eomes  off  from  it,  and  passes 
(lo™ds  and  outwards,  crossing  several  of  the  ribs,  on  their  inner  surface  n 
contact  wtth  ft e  pleura.  The  internal  mammary  artery  may  likewise  furnish  a 
bronchial  branch. 

IV    SUPERIOR   INTERCOSTAL  AND  DEEP  CERVICAL  ARTERIES. 

The  superior  intercostal  artery  generally  arises  from  the  upper  and 
aide   ar.d  uomedrately  a he  muer  s  d o  hlmch 

first  dorsal  gangliou  of  the  sympathetic  nerve. 

give,  hrancl.es  to  the  tat  and  aS  inlcrc.lals :  that  to  the 

and  its  membranes.  intercostal  artery  has  been  found,  in  a  few 

uJS'^S  S-rSff-  ri,  and  the 
Ctour«.-H  has  been  observed  to  pass  bcueen  and  Q  cage  has  been 

corresponding  transverse  processes  ^  ™,  it  descended  through  the 

corded  in  which,  after  arising  from  he  v crtebrri«^  •  ^  .q  the 

intertransverse  foramen  of  the  las t  cc  ncd cr ,  ^  contiguous  t 

instances  just  mentioned  between  _th »  necks  ot t  A  22j  fig  6>) 

b  nc,oftlle 

The  deep  cervic.l  artery,  often  ^^^S*  £ 
subclavian  artery  arises  in  most  cases  ^J^i  ^  it  generally 
sembling  the  posterior  branch  <*£*?™e  tralisverse  process  of  the  last 
passes  backwards  in  the  -terva  betw  een  ^ the ^ I         ^  ^  ^ 

cervical  vertebra  and  the '  *^  traDSPverse  and  spinous  processes, 

Here  it  ascends  m  the  inter  sal  between  tn  complexus  muscle, 

a8  high  as  the  second  vertebra,  under  cover  ot  I  commuDi- 

between  this  and  the  semi-spmalis  colli     Some  o   th  ^ 

cate  with  those  ^  .  -  ic  1 1^   occip£l  artery, 

ascend  to  anastomose  with  the  cervical  brancn  oi  v 

inferior  thyroid  arteries. 
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Course.— This  artery  occasionally  passes  back  between  the  sixth  and  seventh 
cervical  vertebra,  and  sometimes  between  the  first  and  second  dorsal,  or  even  below 
the  second.  It  has  been  seen  to  pass  between  the  first  rib  and  the  transverse  process 
which  supports  it.  r 


AXILLARY  ARTERY. 

The  axillary  artery,  that  part  of  the  artery  of  the  upper  limb  which 
intervenes  between  the  subclavian  and  the  brachial  portions,  extends  from 
the  outer  border  of  the  first  rib  to  the  lower  margin  of  the  tendons  of  the 
latissimus  dorsi  and  teres  major  muscles.  In  this  course  it  passes  through 
the  axilla,  and  its  direction  varies  with  the  position  of  the  limb,  beiu<r 
curved  downwards,  or  upwards,  or  being  straight,  according  as  the  arm 
bangs  by  the  side,  or  is  elevated,  or  extended. 

In  front,  the  axillary  artery  is  covered  by  the  pectoralis  major  muscle, 
behind  which  it  is  crossed  by  the  pectoralis  minor.  It  may  be  conveniently 
divided  into  three  parts  :  the  first  part  lying  internal  to  the  pectoralis 
minor  muscle,  and  resting  on  the  thoracic  wall ;  the  second  part  behind 
that  muscle  and  passing  from  the  thorax  towards  the  shoulder  ;  the  third 
part  beyond  the  muscle,  and  resting  on  the  humerus 

In  the  first  part  of  its  course  the  vessel  is  in  contact  with  the  serratus 
magnus  muscle  on  its  inner  side,  and  is  covered  by  the  costo-coracoid  mem! 

coT'      ?\  attaCh6d  ab0V6  t0  the  davicle>  *  i  below  into  a 

common  sheath  investing  the.  artery  and  vein,  and  completed  behind  by  a 
prolongation  of  the  deep  cervical  fascia.  In  this  part  of  its  course  the 
artery  xe  placed  with  the  trunks  of  the  brachial  plexus  above  and  beh  nd  it 
and  he  axillary ^  vein  in  front  of  it  and  somewhat  nearer  the  thorax  it  s 
also  crossed  by  the  cephalic  and  acromio-thoracic  veins  as  they  dip  down  to 
terminate  m  the  axillary  vein.  y  P 

In  the  second  part  of  its  course,  behind  the  pectoralis  minor,  the  axillary 
artery  „  completely  surrounded  by  the  trunks  of  the  brachial  Te^nd 

is  crossed  m  front  by  one  of  the  roots  of  the  median  nerve  :  the  veni  is  on 
the  thoracic  side  of  the  artery,  separated  from  it  by  nerves 

spiral  ;  to  it,  inner  Tide  tTe  „W  ™    'd  ™™™1<>*  ™i  mmcnlo- 

onto-  **,  tn.  ^ZZZ^JZ"^  TT  '  t0 
and  the  circumflex  nerves  leavP  ti,«     f      ■     ,    The  extern<^  cutaneous 
P-t  of  the  axilla  the^i^l?"  %  ^  the  axUla>  and  »*  the  lower 
tion,  that  nerve  wtotZZ?" ! ™~  V".**™  the  ;  in  an  opera- 

could  be  diBtinguiriSd^"^6  *  P°sition  of  the  artery,  for  it 
spiral)  by  the  circumstancHf  ft be tlT  "7?  ^  and  m-cul°" 
Beyond  the  border  of  the  vLlol^V  T*"  *°  the  P6ctoral  mus<^- 
the  skin  and  fascia  on  the  inner  Se    ST'l     "  fa  °°Vered  by 

controlled  by  pressure  of  the  3ta£S    7  ^  ^  °f  bl°°d  m^  b° 

Branches.    The  branches  of  the, 2  K«     I       *****  ^ 
thoracic  branches  furnished  to  tl,«  ™.    i  conmt  of  ^  external 

to  the  muscles  of  the  chest,  the  subscapular 
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Fig.  266. 


Fig.  266.— Deep  View  of  the  Cakottd,  Subclavian,  and  Axillary  Arteries  (from 

Tiedemann).  ^ 

The  great  pectoral,  the  sterno-mastoid,  and  the  sterno-hyoid  and  sternothyroid muscles 
have  been  removed  ;'the  front  part  of  the  deltoid  has  been  dmded 

neater  part  of  the  digastric  muscle  has  been  removed,  and  the  upper  part  of  the gtni 
capitis 'mi  tracholo-mastoid  divided  near  the  mastoid  process. 

&  ArtStf  -1,  First  or  inner  part  of  the  subclavian  artery  giving ;  rise  to  ftett^ 
xis  a.  dttrnal  maniinary,  and  also  to  +,  the  vertebral  artery  ;  2,  tlnrd  part  of  the 
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subclavian  artery  outside  the  scalenus  anticus  muscle  ;  3,  first  part  of  the  axillary  artery 
giving  rise  to  the  acromial  thoracic,  short  thoracic,  &c.  ;  4,  third  part  of  the  axillary  artery 
givin"  rise  to  the  subscapular,  circumflex,  &c.  ;  5,  commencement  of  the  brachial  artery  ; 
6,  transverse  superficial  cervical  artery  ;  6',  placed  on  the  scalenus  anticus  muscle,  marks 
the  ascending  superficial  cervical  branch  ;  7,  posterior  scapular  artery  arising  from  the  sub- 
clavian artery  behind  the  scalenus  anticus  muscle  and  separate  from  the  thyroid  axis  ;  8, 
acromial  branches  of  the  acromial  thoracic;  9,  pectoral  branches  of  the  same  ;  10,  long 
thoracic  artery  outside  the  pectoralis  minor  muscle ;  + ,  posterior  circumflex  branch 
of  the  axillary  artery  (the  anterior  circumflex  is  seen  rising  from  the  opposite  side  of  the 
same  part  of  the  axillary  trunk)  ;  11,  subscapular  atfery  passing  between  the  subscapularis 
and  teres  minor  muscles  to  proceed  to  the  lower  angle  and  dorsum  of  the  scapula  ;  12, 
thoracic  descending  branch  of  the  subscapular  artery.  Carotid  A  rtcry  and  its  Branches.  — 
13,  lower  part,  and  14,  upper  part  of  the  right  common  carotid  artery  ;  15,  trunk  of  the 
external  carotid  artery  brought  fully  into  view  by  the  removal  of  the  digastric  muscle  ; 
16,  trunk  of  the  internal  carotid  artery  ;  17,  17,  the  thyroid  axis  of  the  subclavian 
artery,  and  the  inferior  thyroid  artery  where  it  is  distributed  in  the  gland  ;  18,  superior 
thyroid  artery  anastomosing  in  the  gland  with  the  inferior  thyroid;  19,  lingual  artery 
brought  into  view  by  the  removal  of  the  lower  part  of  the  hyoglossus  muscle  ;  20,  facial 
artery  giving  off  the  palatine,  tonsillar,  and  submental  ;  21,  inferior  labial ;  22,  coronary 
artery ;  23,  occipital  artery  ;  24,  posterior  auricular  artery  ;  25,  superficial  temporal 
artery  ;  26,  internal  maxillary  artery  ;  27,  transverse  facial  given  off  in  this  instance 
directly  by  the  external  carotid  artery. 

branch  to  the  shoulder,  and  the  anterior  and  posterior  circumflex  branches 
to  the  upper  part  of  the  arm.  The  branches  are  not  constant  in  their 
number,  size,  or  mode  of  origin. 

External  Thoracic  Branches. — These  branches  vary  much  in  number ; 
but,  after  the  method  of  Haller,  four  are  usually  described. 

1.  The  superior  thoracic  artery  (thoracica  suprema),  a  branch  of  incon- 
siderable size,  arises  at  a  point  internal  to  the  pectoralis  minor  muscle,  and 
inclines  downwards  and  inwards  across  the  first  two  intercostal  spaces, 
anastomosing  with  the  internal  mammary  and  intercostal  branches  contained 
ia  them,  and  terminates  between  the  pectoral  muscles. 

2.  The  acromial  thoracic  artery  (art.  thoracica  huineraria),  of  considerable 
size,  and  by  far  the  most  constant  of  the  thoracic  branches  of  the  axillary, 
arises  from  its  forepart  at  the  inner  border  of  the  pectoralis  minor  muscle, 
and  soon  divides  into  branches  which  take  different  directions. 

(a)  The  acromial  branches  pass  partly  to  the  deltoid  muscle  and  partly  to  the 
upper  surface  of  the  acromion,  and  anastomose  with  the  suprascapular  and  posterior 
circumflex  arteries. 

(b)  The  humeral  branch  passes  down  in  the  interval  between  the  pectoralis  major 
and  deltoid  muscles,  accompanying  the  cephalic  vein. 

(c)  The  tJioracic  branches  are  distributed  to  the  serratus  magnus  and  pectoral 
muscles,  and  anastomose  with  the  other  thoracic  arteries. 

(d)  The  clavicular  branch,  very  small,  passes  inwards  to  the  subclavius  muscle. 

3.  The  long  thoracic  or  external  mammary  artery  is  directed  downwards  and 
inwards,  along  the  lower  border  of  the  pectoralis  minor,  and  is  distributed 
to  the  mamma,  and  to  the  serratus  and  pectoral  muscles,  and  anastomoses 
with  the  external  branches  of  the  intercostal  arteries. 

4.  The  alar  thoracic  branch  is  a  very  small  vessel  and  not  constant, 
being  frequently  wanting,  and  having  its  place  supplied  by  branches  from  the 
thoracic  and  subscapular  arteries.  It  is  distributed  to  the  lymphatic  glands 
and  the  fatty  tissue  in  the  axilla. 

Subscapular  Artery.— This  branch,  the  largest  given  off  by  the  axillary 
artery,  arises  close  to  th.9  lower  border  of  the  subscapular  muscle,  along 
which  it  proceeds  downwards  and  backwards,  towards  the  inferior  angle  of 
the  scapula,  accompaniel  by  the  subscapular  nerve  ;  and  it  terminates  in 

o  c  2 
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branches  to  the  subscapularis,  serratus  magnus,  teres  major  and  latissimus 
dorsi  muscles.  It  soon  becomes  considerably  diminished  in  size,  owing  to 
its  giving  off  a  large  branch  to  the  dorsum  of  the  scapula.  Its  final  ramifi- 
cations anastomose  with  one  another  and  with  the  branches  of  the  posterior 
scapular  artery. 

The  dorsal  branch  (dorsalis  scapula)  turns  back  from  the  subscapular 
artery,  about  an  inch  and  a  half  from  its  origin,  and  is  sometimes  larger 
than  the  continuation  of  the  vessel.  Descending  along  the  lower  border  of 
the  scapula,  it  passes  through  the  interval  bounded  internally  by  the  sub- 
scapularis and  teres  minor,  externally  by  the  latissimus  dorsi  and  teres 
major,  and  superiorly  by  the  long  head  of  the  triceps  muscle  ;  and  turning 
closely  round  the  border  of  the  scapula,  which  is  frequently  grooved  to 
receive  it,  passes  between  the  teres  minor  and  the  bone,  and  ramifies  in 
the  infraspinous  fossa,  where  it  anastomoses  with  the  suprascapular  and 
posterior  scapular  arteries. 


Fig.  267. 


Fig.  267.  —  View 
of  the  Arteries 
which  ramify  and 
anastomose  on  the 
Ventral  Surface 
of  the  Scapula, 
and  of  the  An- 
ti.rior  Circum- 
flex Artery  (from 
R.  Quaiu).  J 

a,  coracoid  process ; 

b,  tendon  of  the  long 
head  of  the  biceps 
muscle  emerging  from 
the  bicipital  groove  ; 

c,  the  front  of  the 
capsular  ligament  of 
the  shoulder-joint;  d, 
tendon  of  the  latissi- 
mus dorsi  muscle  ;  e, 
teres  major ;  1,  supra- 
scapular artery  de- 
scending to  the  supra- 
scapular notch,  over 

the  ligament  of  which  the  larger  part  of  the  artery  passes  into  the  supraspinous  fossa >; 
A,  A,  the  axillary  and  brachial  artery  ;  1',  its  subscapular  branch  passing  through  the 
notch'and  ramifying  in  the  subscapular  fossa  ;  2  2,  posterior  scapular  artery  descend  ng 
parallel  to  the  base  of  the  scapula;  2',  its  subscapular  branches  ;  3,  main  stem of  the 
subscapular  artery  at  its  origin  from  the  axillary  and  continuation  towards  the  do ream  of 
the  scapula;  3',  the  branch  to  the  ventral  surface  of  the  scapul 
mose  with  the  subscapular  branches  of  the  suprascapular  and  posterior  scapular  alters 
4,  descending  or  thoracic  branch  of  the  subscapular  artery  ;  5  anterior  circumflex  artery, 
6,  posterior  circumflex  passing  back  through  the  quadrilateral  muscular  space. 

The  dorsalis  scapula  gives  off,— (a.)  ventral  branches,  slender  vessels  which 
ramify  in  the  subscapular  fo.ssa  between  the  subscapular  muscle  and  the  bone,  ana 
anastomose  with  twigs  from  the  suprascapular  and  posterior  scapular  arteries  ; 
(b)  branches  to  the  teres  muscles,  and  particularly  a  twig  which  descends  between 
their  origins ;  (c)  terminal  branches  in  the  infraspinous  fossa. 

Circumflex  Arteries. —The  posterior  circumflex  artery,  a  considerable 
vessel  but  smaller  than  the  subscapular,  .irises  opposite  the  lower  border  of 
the  subscapular  muscle,  below  the  subscapular  artery,  and  is  directed  back- 
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wards  in  company  with  the  circumflex  nerve,  passing  through  the  space 
between  the  teres  muscles,  the  humerus,  and  the  long  head  of  the  triceps 
muscle,  aud  therefore  separated  by  the  long  head  of  the  triceps  from  the 
subscapular  artery.  It  winds  round  the  humerus,  and  terminates  by  rami- 
fying in  the  deltoid  muscle  and  on  the  shoulder-joint,  and  by  anastomosing 
with  the  anterior  circumflex  and  suprascapular  arteries,  as  well  as  with  the 
acromial  thoracic. 

The  anterior  circumflex,  much  smaller  than  the  posterior  circumflex, 
arises  nearly  opposite  to  it  or  lower  down,  and  from  the  outer  side  of  the 
axillary  artery.  It  passes  from  within  outwards  and  forwards,  under  the 
inner  head  of  the  biceps  and  the  coraco-brachialis  muscle,  resting  on  the  fore 
part  of  the  humerus,  until  it  reaches  the  bicipital  groove.  There  it  divides 
into  two  branches,  one  of  which  ascends  in  the  groove  with  the  long  head 
of  the  biceps,  to  the  head  of  the  bone  and  the  capsule  of  the  joint ;  the 
other  continues  outwards,  and  anastomoses  with  the  posterior  circumflex 
branch. 

Peculiarities. — The  most  important  peculiarity  in  the  trunk  of  the  axillary  artery 
consists  in  its  giving  off  a  much  larger  branch  than  usual,— an  arrangement  which 
has  been  observed  in  the  proportion  of  one  out  of  every  ten  cases.  In  one  set  of 
cases,  this  large  branch  forms  one  of  the  arteries  of  the  fore-arm;  most  frequently 
the  radial  (about  1  in  33),  sometimes  the  ulnar  (1  in  72),  and,  rarely,  the  interosseous 
artery  (1  in  506  :  R.  Quain).  In  another  set  of  cases,  the  large  branch  gives  origin  to 
the  subscapular,  the  two  circumflex,  and  the  two  profunda  arteries  of  the  arm ;  but 
sometimes  only  one  of  the  circumflex,  or  only  one  of  the  deep  humeral  arteries,  arises 
from  it.  In  the  second  class  of  cases  the  divisions  of  the  brachial  plexus  of  nerves 
surround  the  common  trunk  of  the  branches  instead  of  the  main  vessel.  This  dis- 
position may  with  probability  be  explained  by  supposing  that  the  trunk  of  the  branches 
is  the  true  brachial  artery,  but  that  in  early  life  it  has  become  obstructed  below,  and 
that  there  has  become  developed  in  its  place,  as  an  apparent  brachial  artery  for  the 
supply  of  the  lower  portions  of  the  limb,  a  vas  aberrans,  such  as  is  sometimes  seen 
arising  from  the  brachial  artery,  and  uniting  with  one  of  its  branches. 

The  superior  thoracic  artery  is  so  frequently  given  off  by  the  acromio-thoracic,  that 
some  anatomists  have  described  that  as  the  normal  arrangement,  giving  the  com- 
mon trunk  the  name  of  thoracic  axis.  The  long  thoracic  artery  often  arises  from  the 
acromial  thoracic,  or  is  replaced  by  enlargement  of  the  normal  branches  of  that 
artery,  and  not  unfrequently  is  given  off  by  the  subscapular. 

The  dorsalis  scapula?  sometimes  springs  directly  from  the  axillary  artery 

ihe  posterior  circumflex  artery  is  sometimes  removed  from  the  axillarv  to  the 
superior  profunda  branch  of  the  brachial,  in  which  case  it  ascends  behind  the  tendons 
of  the  latissimus  dorsi  and  teres  major.  In  another  class  of  cases  not  quite  so 
numerous,  the  posterior  circumflex  gives  off  one  or  more  branches  usually  derived 
from  other  sources:  as  for  example  (placing  them  in  the  order  of  frequency)  the 
anterior  circumflex,  the  superior  profunda,  the  dorsal  scapular,  the  anterior  ci renm- 

vesxseiT  ThTrter/u;da  lrher' or  some  °ther  rarer       « -s, 

more  s'eldlm  ?  CUmfleX  M  8omefcimes  do^le;  and  so  is  the  anterior,  but 


BRACHIAL  ARTERY. 
fZhtbbTWal  ?  1fmeral  artery'  the  c°^™ation  of  the  axillary  extends 

"i^^o^rsr  folt of  thvxilla' to 

radius,  where  it  divkTes into    he      11  ^  °f  the 

gradually  inclines  tr£to£j^^"*       Z  ^  V6SSel 

the  depression  along  the  mner  bortr  of  +1       P      ^  ^  Hmb'  ^  ** 
muscles;  and  its  direction  1    T         ,    f  corac°-brachli^  and  biceps 
,      u        direction  may  bo  marked  out  by  a  line  drawn  from 
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midway  between  the  folds  of  the  axilla  to  the  middle  point  between  the 
condyles  of  the  humerus.  To  command  the  flow  of  blood  through  the 
artery  at  its  upper  part,  pressure  should  be  directed  outwards,  while  over 
the  lower  end  of  the  vessel  the  pressure  should  be  made  from  before 
backwards. 

The  brachial  artery  lies  beneath  the  integument  and  fascia  of  the  arm  as 
far  as  the  bend  of  the  elbow,  where  it  sinks  deeply  in  the  interval  between 
tho  pronator  teres  and  supinator  longus  muscles,  and  is  covered  by  the 
fibrous  expansion  given  from  the  tendon  of  the  biceps  to  the  fascia  of  the 
fore-arm.  It  rests  at  first  on  the  long  head  of  the  triceps  muscle,  the 
musculo-spiral  nerve  and  the  superior  profunda  artery  intervening  ;  it  then 
inclines  forwards  over  the  insertion  of  the  coraco-brachialis  muscle,  and  Res 
thence  to  its  termination  on  the  brachials  anticus.  At  its  outer  side  it  is 
in  apposition  first  with  the  coraco-brachialis,  and  afterwards  and  for  the 


Fig.  263. 


Fig.  263.-DiSseotion  of  thk  Axilla  and  Inside  of  the  Ark  to  show  toe 
Axillary  and  Brachial  Vessels  (from  R.  Quain).  * 
The  greater  and  lesser  pectoral  muscles  have  been  divided  bo  « ' 
vessels:  a,  the  inserted  portion  of  the 

axillary  artery  ;  +  ,  +;  the  median  ^^^ifZ'S^  rLi  and  1",  on 
muscle,  a  portion  of  the  nerve  of  Wrisberg. 


BE  ACHIAL  AKTERY. — BRANCH  ES. 


383 


greater  part  of  its  length  with  the  biceps,  the  inner  border  of  one  or  both 
muscles  sometimes  slightly  overlapping  it. 

Relation  to  Veins.  — Venoe  comites  are  in  close  contact  with  the  brachial 
artery,  short  transverse  branches  of  communication  passing  from  one  to 
another,  so  as  at  many  points  to  encircle  it.  Superficial  to  the  aponeurosis, 
the  basilic  vein  is  placed  over  or  to  the  inner  side  of  the  artery  in  the  lower 
half  or  more,  or  in  the  whole  length  of  its  course,  according  to  the  level  at 
which  the  vein  dips  down  to  join  the  vense  comites  ;  and  at  the  bend  of  the 
elbow  the  median  basilic  vein  crosses  over  the  artery,  the  aponeurotic  inser- 
tion of  the  biceps  lying  between  them. 

Relation  to  Nerves. — The  median  nerve  descends  in  contact  with  the 
artery,  lying  on  its  outer  side  at  the  axilla,  directly  in  front  of  it  below  the 
middle  of  the  arm,  and  on  the  inner  side  at  the  elbow.  Of  the  large 
branches  of  the  brachial  plexus  which  are  closely  connected  with  the  axillary 
artery,  none  continue  in  the  immediate  neighbourhood  of  the  brachial 
artery  along  the  arm,  except  the  median.  The  external  cutaueous  and 
circumflex  separate  at  once  from  the  vessel  in  the  axilla,  the  musculo-spiral 
soon  turns  backwards  in  the  musculo-spiral  groove,  and  the  internal 
cutaneous  and  ulnar  nerves  descend  vertically  on  the  inner  side  of  the 
limb. 


Fig.   269.  —  Superficial  Dissection  op  tub  Fig.  269. 

Blood-Vessels  at  the  Bend  of  the  Arm 
(from  R.  Quuin).  j 

a,  two  branches  of  the  internal  cutaneous 
nerve ;  b,  placed  over  the  biceps  near  its  insertion 
and  close  to  the  external  cutaneous  nerve  ;  a',  a', 
the  descending  twigs  of  the  same  nerve  ;  b',  an- 
terior twigs  of  the  same  nerve  accompanying  the 
median  vein  ;  1,  placed  on  the  fascia  of  the  arm 
near  the  bend  of  the  arm,  above  the  place  where 
it  has  been  opened  to  show  the  lower  part  of  the 
brachial  artery  with  its  vena?  comites,  of  which 
one  is  entire,  marked  2,  and  the  other  has  been 
divided  ;  +,  is  placed  between  this  and  the 
median  nerve  ;  3,  basilic  vein ;  3',  3',  ulnar 
veins;  4,  cephalic  vein;  4',  radial  vein;  5,  5, 
median  vein ;  3',  5,  median  basilic  vein  ;  4',  5, 
median  cephalic  vein. 

Branches. — The  brachial  artery  gives 
some  unnamed  branches,  which  are  direc- 
ted outwards  and  backwards  to  the 
muscles  in  its  immediate  neighbour- 
hood, viz.,  to  the  coraco-brachialis,  biceps, 
and  brachialis  anticus.  The  following 
branches,  which  incline  inwards,  have 
received  names,  and  require  descrip- 
tion : — 

(a)  The  superior  profunda  artery 
(collaterahs  magna)  arises  from  the  inner 

™d  wS  ^"k  1  the,brachia1'         below  the  border  of  the  teres  major, 

thkd  heads3  of  trf'  t0  ^  intGrVal  between  *be  second  Ld 

third  heads  of  the  triceps  muscle.  Accompanied  by  the  musculo-spiral 
nerve,  it  wmds  round  the  back  of  the  humerus,  in  tJspiral  gioove,  und" 
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cover  of  the  triceps,  and  perforating  the 
external  intermuscular  septum,  reaches 
the  external  and  anterior  aspect  of  the 
bone.  There  the  artery  lies  deeply  in  the 
interval  between  the  brachialis  anticus 
and  supinator  longus  muscles,  considerably 
diminished  in  size  by  having  given  off 
several  branches,  and  descends  to  the 
elbow,  where  it  anastomoses  with  the 
recurrent  branch  of  the  radial  artery. 


m 


Fig.  270.— Superficial  View  of  the  Artertfs 
of  the  Arm,  Fore-arm,  and  Hand  in  front 
(from  Tiedemann).  J 

■a,  deltoid  muscle  ;  b,  biceps  ;  V,  the  aponeu- 
rotic insertion  ;  c,  scapular  head  of  the  triceps  ; 
c\  its  internal  head  ;  d,  pronator  radii  teres ;  e, 
flexor  carpi  radialis ;  /,  palmaris  longus  ;  /',  its 
tendon  spreading  in  the  upper  part  of  the  palmar 
fascia,  from  which,  on  the  inner  side,  the  pal- 
maris brevis  muscle  is  seen  rising ;  g,  flexor 
carpi  ulnaris ;  h,  supinator  radii  longus ;  t, 
extensor  carpi  radialis  longior  ;  I,  extensor  ossis 
metacarpi  pollicis;  m,  flexor  digitorum  com- 
munis sublimis  ;  1,  placed  on  the  tendon  of  the 
latissimus  dorsi,  the  lower  part  of  the  axillary- 
artery,  continued  into  the  brachial;  2,  superior 
profunda ;  3,  inferior  profunda  ;  4,  ulnar  anas- 
tomotic ;  5,  near  the  division  of  the  brachial 
artery  into  ulnar  and  radial,  and  recurrent  radial 
artery ;  5',  lower  part  of  the  radial  artery,  where 
it  gives  off  the  superficialis  volae,  and  turns 
round  the  wrist  ;  6',  the  lower  part  of  the  ulnar 
artery,  near  the  place  where  it  passes  down  to 
form  the  superficial  palmar  arch;  7,  the  super- 
ficialis volae,  which  joins  it ;  8,  8,  8,  8,  first, 
second,  third,  and  fourth  digital  branches  of  the 
superficial  arch  to  the  inside  of  the  little  finger, 
adjacent  sides  of  the  4th  and  5th,  3rd  and  4th, 
and  2nd  and  3rd  fingers ;  9,  radialis  indicia  ; 
on  the  thumb  are  seen  the  two  branches  of  the 
princeps  pollicis  artery. 

The  superior  profunda  gives  off  branches  in 
its  first  part  to  the  deltoid,  coraco-brachialis, 
and  triceps ;  and  many  to  the  last-named  mus- 
cle, whilst  it  is  between  it  and  the  bone.  In 
tin's  position  it'  also  gives  one  long  branch, 
which  descends  perpendicularly  between  the 
muscle  and  the  bone  to  the  back  part  of  the 
elbow-joint  on  the  outer  side,  where  it  anasto- 
moses with  the  interosseous  recurrent  branch  ; 
and  another  which  anastomoses  on  the  inner 
side  with  the  ulnar  recurrent  and  the  anasto- 
motic or  the  inferior  profundi.. 

(b)  The  inferior  profunda  artery  (col- 
lateral ulnaris  prima),  of  small  size, 
arises  from  tho  brachial  artery  a  little 
below  the  middle  of  the  arm,  and  is 
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directed  to  the  back  part  of  the  inner  condyle  of  the  humerus.  Descending 
in  company  with  the  ulnar  nerve,  it  pierces  the  intermuscular  septum,  then 
lies  on  the  inner  surface  of  the  triceps  muscle,  to  which  it  gives  branches, 
and  entering  the  interval  between  the  olecranon  and  inner  condyle,  it 
terminates  by  inosculating  with  the  posterior  recurrent  branch  of  the  ulnar 
artery,  and  with  the  anastomotic  branch  of  the  brachial. 

(c)  The  nuU-imt  artery  of  the  shaft  of  the  humerus  is  a  small  branch 
given  off  by  the  brachial  about  the  middle  of  the  arm,  or  by  one  of  its 
collateral  branches.  It  inclines  downwards,  enters  the  oblique  canal  in  the 
humerus  near  the  insertion  of  the  coraco-brachialis  muscle,  and  is  distributed 
in  the  interior  of  the  bone. 

(d)  The  anastomotic  artery  (collaterals  ulnaris  secunda),  is  a  very  con- 
stant branch  of  moderate  size.  Arising  from  the  brachial  artery  about  two 
inches  above  the  bend  of  the  arm,  it  is  directed  transversely  inwards  on  the 
brachialis  auticus  muscle,  above  the  inner  condyle  of  the  humerus,  and,  after 
perforating  the  intermuscular  septum,  turns  outwards  behind  the  humerus 
between  the  bone  and  the  triceps  muscle,  and  forms  with  the  superior  pro- 
funda an  arch  across  the  humerus,  immediately  above  the  olecranon  fossa 
(arcua  dorsalis  humeri  posticus,—  Haller).  In  front  of  the  humerus  the 
anastomotic  artery  furnishes  a  branch  which  ramifies  in  the  pronator  teres 
and  anastomoses  with  the  anterior  ulnar  recurrent  branch.  Behind  the 
inner  condyle  another  offset  joins  with  the  posterior  ulnar  recurrent,  and 
behind  the  humerus  several  branches  are  given  to  the  joint  and  the  muscle. 

M^rT^ZT^™  C0mParat!vf,  fr^ency,  and  surgical  interest,  the 
Krttt!ar  att:ntt.braChial  "»*  ^h  affecfc  its  ^unk,  de'serve 

of  £wnd'h.The  braCMaI  art6ry  SOmetimes  lies  in         °f  the  median  nerve,  instead 

medHnbrpCrhv!fVartCr^  ^  b6en  86en' th0Ugh  rare1^ t0  descend>  accompanied  by  the 
median  nerve  towards  the  inner  condyle  of  the  humerus,  and  regain  its  usual  potion 

et„bnC:  0  the  elbow  by  passing  forwards  underneath  a  fibrous  5mK?S2 
ti  e  pronator  eres  in  those  cases  arises,  and  which  descends  to  the  inner  condyle 

LZtrloTZTT  f  hV1?  8UP.ra-cond^id  P-cess,  as  has  been  previou  ly 
bS^Xltaeni.  dlSP°8iti0n  °CCUrS  WUh0Ut  the  development  of  any 

As  an  extremely  rare  condition,  the  artery  has  been  found  divided  into  two  wwl. 
rfcm0^renMhearterybei"S  **•  aboreandbelowf«£SrS 

of  the 

bright  Z^r^I^t^°m  f~  ™*  —  on 
at  its  usual  position,  a  little  low  the  e  bow  W  Z  ™  ^  '?  386  to  divide 
plicated  by  another  peculiarity,  viz  the  eX Sence  Jl  T  ^  ^  that  COm" 
the  axillary  to  the  radial),  wasth SceofS^n 1  T  <*flprt*M  Proceeding  from 
and  three  inches  lower  than  £  elbot -join  * ^  f  al',bei^  between  two 

above  the  usual  point,  at  various SSta^LlS  *  T"  *  brachial  arter>'  divided 
The  branch  prematurely  separated  from  tn?^  f  ?,  ?  ^  b°rder  °f  the  axiIIa- 
in  the  proportion  of  neirly^hrc c  III ?1 \  o  V  J*  '"S  m  ™  ^  division-  £ 
Ulnar  is  the  branch  given  off;  EhatTat^fv  .  '  ^  ^  ^  ;  retimes  the 
its  distribution  below  the  middle  of  th W  corresponding  to  the  ulnar  in 

wards  divides  into  the  normal  radial  a  1^?  fT*^  ^  *  tmnk  which  after- 
Which  last  is  normally  derived  from  tho  ,h        ,  '^i-osseous  of  the  fore-arm, 

fore-arm,  or  a  vas  aberrans,  is  the  branch  g?  ^  ^  iutero^cous  of  the 
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Fig.  271. 


In  all  cases  of  tlie  high  origin  of  one  or  other  of  the  arteries  of  the  fore-arm  the 
extent  in  which  the  two  vessels  thus  formed  run  separately  must  vary  according  to  the 

height  at  which  the  main  artery  divides.  The  point 
of  division  in  the  entire  number  of  cases,  without 
reference  to  the  particular  branch  given  off,  is 
most  frequently  in  the  upper,  less  so  in  the  lower, 
and  least  so  in  the  middle  third  of  the  arm.  But 
the  early  division  of  the  main  artery  of  the  upper 
limb  may,  as  mentioned  in  connection  with  the 
varieties  of  the  axillary  artery,  take  place  within 
the  axilla,  in  which  case  it  follows  that  the  brachial 
portion  of  the  vessel  is  replaced,  throughout  its 
whole  extent,  by  two  separate  trunks.    In  94  cases 
out  of  481  observed  by  R.  Quain,  or  about  one  in  five 
and  one-ninth,  there  were  two  arteries  instead  of  one 
in  some  part  or  in  the  whole  of  the  arm. 

The  position  of  tlie  two  arteries,  in  these  cases, 
is  of  much  surgical  interest.  We  shall  here  con- 
sider only  their  position  in  the  arm,  and  subse- 
quently trace  them  in  their  irregular  course  in  the 
fore-arm.  Usually  they  are  close  together,  and 
occupy  the  ordinary  position  of  the  brachial  artery  ; 
but  there  are  some  peculiarities  in  their  position 
which  require  to  be  particularly  noticed. 

The  radial  artery,  when  thus  given  off  in _the 
arm  often  arises  from  the  inner  side  of  the  brachial, 
then  runs  parallel  with  the  larger  vessel  (the  bra- 
chial or  ulnar-interosseous),  and  crosses  over  it, 
sometimes  suddenly,  opposite  the  bend  of  the 
elbow,  still  covered  by  the  fascia.  It  has  been 
found,  but  in  a  very  few  instances  only,  to  perforate 
the  fascia,  and  run  immediately  under  the  skin, 
near  the  bend  of  the  elbow. 

Fi<r  271  —Dissection  op  the  Right  Arm,  showing 

AN  EXAMPLE  OF  HIGH  SEPARATION  OF  THE  RADIAL 

Artery  from  the  Braohial,  and  an  enlarged 
Median  Artery  in  the  Fore-arm  (from  Tiede- 
maun).  i 

1,  on  the  tendon  of  the  latissimus  dorsi  points  to 
the  upper  part  of  the  brachial  artery  ;  2,  the  brachial 
artery  after  giving  off  the  radial ;  3,  the  radial  rising 
in  the  upper  third  of  the  arm  and  descending  m  its 
Lai  Son  in  the  fore-arm;  3'   its  supernal 
volar  branch  ;  4,  the  ulnar  artery  in  its  usual  couise, 
fomingTi  'th   superficial  palmar  arch  from  which 
three  of  the  palmar  digital  arteries  and  the  princeps 
po  Ucis  take  origin  ;  the  radial  supplying  the  branches 
to  the  index  finger  and  one  side  of  the  middle  finger  , 
6,   he  superior  profunda  branch  of  the  brachial  artery  ; 
7    muscular  branches;  3,  ulnar  anastomotic ;  9  ^ 
current  radial  ;  10,  anterior  interosseous  giving  an 
unusually  large' median  branch  which  descends  over 
the  wrist  to  unite  with  the  superficial  palmar  arch. 

When  the  vlnar  is  the  branch  given  off  high 
from  the  brachial,  it  often  inclines  from  he  por- 
tion of  the  brachial,  at  the  lower  part  of  the  aim 
towards  the  inner  condyle  of  the  hnmeros.  lh 
vessel   eenerally  lies   beneath   the  fascia  as 
rescendfand  superficially  to  the  flexor  muscle, 
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It  i3  occasionally  placed  between  the  integuments  and  the  fascia ;  and  in  a  single 
instance  was  found  beneath  the  muscles.  In  one  instance  recently  occurring  in  the 
dissecting-room  of  the  Glasgow  University,  the  ulnar  artery  given  off  from  the 
humeral  at  the  middle  of  the  arm  was  observed  to  descend  superficially  behind  the 
inner  condyle. 

The  interosseous,  after  arising  from  the  axillary  or  brachial  artery,  is  commonly 
situated  behind  the  main  artery,  and,  on  reaching  the  bend  of  the  elbow,  passes 
deeply  between  the  muscles,  to  assume  its  usual  position  in  the  fore-arm. 

Lastly,  when  the  radial  has  arisen  high  in  the  arm,  the  residuary  portion  of  the 
brachial  (ulnar-interosseous)  has  occasionally  been  observed  descending,  accompanied 
by  the  median  nerve,  along  the  intermuscular  septum  towards  the  inner  condyle  of 
the  humerus,  as  far  as  the  origin  of  the  pronator  teres  (which  in  the  cases  recorded 
was  found  broader  than  usual),  whence  it  turned  outwards  under  cover  of  the  muscle, 
to  gain  the  usual  position  at  the  middle  of  the  bend  of  the  elbow. 


Fig.  272. — Aberrant  Artery,  separating  from  toe 

BRACHIAL  AT  THE  MIDDLE  OP  THE  Arm,  PASSING  WITH 

TnE  Median  Nerve  through  the  Internal  Inter- 
muscular Septum,  and  joining  farther  down 
the  regular  Ulnar  (from  R.  Quain).  \ 

a,  biceps  muscle  ;  b,  triceps  ;  c,  c,  divided  pronator 
teres ;  d,  d,  d\  median  nerve,  diverted  from  its  usual 
course,  and  passing  with  the  aberrant  artery  through 
the  internal  intermuscular  septum  ;  e,  e,  e,  ulna 
nerve  in  its  usual  course ;  1,  brachial  artery,  giving 
off  an  aberrant  artery  at  the  middle  of  the  arm  ; 
2,  the  usual  radial  artery  ;  3,  aberrant  artery,  with 
the  median  nerve  twining  round  it,  passing  at  3' 
through  the  internal  intermuscular  septum  ;  3",  the 
same  farther  down,  and  communicating  at  4'  with  the 
first  part  of  the  normal  ulnar  artery,  4,  giveu  off 
from  the  brachial. 

The  two  arteries  taking  the  place  of  the  brachial 
are  in  some  instances  connected  near  the  bend  of 
the  arm  by  an  intervening  trunk,  which  proceeds 
from  the  larger  (or  ulnar-interosseous)  artery  to  the 
radial  or  the  radial  recurrent,  and  varies  somewhat 
in  its  size,  form,  and  course.  More  rarely  the  two 
unusual  arteries  arc  actually  re-united. 

The  aberrant  arteries,  "  vasa  aberrantia,"  alluded 
to  in  the  preceding  statement,  are  long  slender  ves- 
sels, which  arise  either  from  the  brachial  or  the 
axillary  artery,  and  end  by  joining  one  of  the 
arteries  of  the  fore-arm,  or  one  of  their  branches 
In  eight  cases  out  of  nine,  observed  by  Quain,  this 
unusual  vessel  joined  the  radial;  in  the  remaining 
case  it  joined  the  radial  recurrent,  which  arose 
irregularly  from  the  ulnar  artery.     Monro  and 
Meckel  have  each  seen  one  case  in  which  the 
aberrant  vessel  joined  the  ulnar.    This  peculhriU 
may  be  regarded,  perhaps,  as  an  app  oacl Tto Sj 
condition  in  which  there  is  division  of  the  brae  ,h 
artery  and  subsequent  connection  of  its  Wo  Pa  Js 
by  an  intervening  branch.  P 

State  oftlie  arteries  in  both  Iimh„  t„ 
arteries  the  condition  of  t.  2  ^iTJ  "ofST"  °f  ^  °f  thc  brachial 

61  bodies  in  which  the  high  division  JE5  V*™  m  the  riSht  ttnd  Ieft  amis.  In 
both  sides,  in  different  p08  itions  Z ll  T 1'  "  T?*  °nl>'  on  °nc  sid°  *  <3  !  on 
the  remaining  5.  P        ^      18 '  and  on  both  sides,  in  thc  same  position,  in 

Branches.-^  has  been  already  mentioned  ft,  ism  fi  ,  H 

ouca  (P-  381)  that  thc  superior  profunda 
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may  give  origin  to  the  posterior  circumflex 
artery,  and  that  its  own  origin  is  sometimes 
transferred  to  a  branch  arising  from  the  axillary 
artery. 

The  inferior  profunda  is  likewise  occasionally 
absent,  and  on  that  account  has  not  been  recog- 
nised by  some  anatomists  as  a  regular  branch  of 
the  brachial  artery. 

The  anastomotic  artery  is  sometimes  much 
reduced  in  size,  and  in  that  case  the  inferior 
profunda  takes  its  place  behind  the  humerus. 

Fig.  273. — Deep  Anterior  Yiew  op  the  Ar- 
teries of  the  Arm,  Fore-arm,  and  Hand 
(from  Tiedemann).  j 

The  biceps  brachii,  the  pronator  teres  and  mus- 
cles rising  from  the  inner  condyle,  the  supinator 
longus,  the  lower  part  of  the  flexor  longus  pollfciB 
and  flexor  profundus  digitoruin,  the  anterior  an- 
nular ligament  of  the  carpus  and  the  muscles  of 
the  ball  of  the  thumb  have  been  removed;  n,  pro- 
nator quadratus  muscle  ;  1,  lower  part  of  the 
axillary  artery  continued  into  the  brachial  ;  2, 
superior  profunda  branch  ;  3,  inferior  profunda  ; 
4,  ulnar  anastomotic ;  5,  upper  part  of  the  radial 
artery  and  radial  recurrent  ;  6',  lower  part  of  the 
radial  artery  giving  off  the    superficial^  vote 
branch  ;  5",  the  radial  artery  emerging  from  be- 
tween the  heads  of  the  abductor  indicis  muscle  ; 
6,  6,  the  upper  part  of  the  ulnar  artery  with  the 
anterior  and  posterior  ulnar  recurrent  branches  ;  b  , 
the  ulnar  artery  approaching  the    wrist  and 
descending  into  the  superficial  palmar  arch  which 
has  been  cut  short  ;  6",  the  deep  branch  of  the 
ulnar  artery  uniting  with  the  deep  palmar  arch  ; 
7  (marked  only  on  one),  three  interosseous  branches 
from  the  deep  palmar  arch  joining  the  palmar  digital 
arteries  8,  8,  8,  which  have  been  cut  away  irom 
their  origin  from  the  superficial  arch  to  near  their 
division  into  the  collateral  digital  arteries ;  the 
ulnar  collateral  of  the  little  finger  is  represented 
as  rising  in  this  instance  from  the  deep  ulnar 
artery  ;  9,  placed  between  the  priuceps  polhcis  and 
radialis  indicis  branches  of  the  radial  artery  ;  10, 
lower  part   of  the  anterior  interosseous  artery 
passing  behind  the  pronator  quadratus  muscle  ;  11, 
anastomosis  of  the  anterior  carpal  bramohea  ot  the 
radial  and  ulnar  arteries  with  recurrent  branches 
from  the  deep  palmar  arch. 

ULNAR  ARTERY. 

The  ulnar  artery,  the  larger  of  the  two 
vessels  into  which  the  brachial  divides,  ex- 
tends along  the  inner  side  of  the  fore-arrn 
into  the  palm  of  the  hand,  where,  joining 
a  branch  of  the  radial,  opposite  the  mus- 
cles of  the  thumb,  it  forms  the  superficial 
palmar  arch.  In  this  course  it  indues 
at  first  downwards  and  inwards,  describing 
a  slight  curve,  the  convexity  of  winch  is 
directed  inwards,  and  passes  under  cover  or 
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the  superficial  muscles  arising  from  the  inner  condyle  of  the  humerus 
viz.,  the  pronator  teres,  flexor  carpi  radialis,  palmaris  longus,  and  flexor 
sublimis,  until  it  reaches  the  flexor  carpi  ulnaris  near  the  junction  of  the 
upper  with  the  middle  third  of  the  fore-arm  ;  at  this  point  the  artery  comes 
into  contact  with  the  ulnar  nerve,  which  was  previously  separated  from  it  by 
a  considerable  interval,  and  changing  its  direction,  descends  vertically  with 
the  nerve  towards  the  inner  border  of  the  palm  of  the  hand.  Descending 
along  the  radial  border  of  the  tendon  of  the  flexor  ulnaris  muscle,  the 
ulnar  artery  reaches  the  outer  or  radial  side  of  the  pisiform  bone,  where 
still  accompanied  by  the  nerve,  it  passes  over  the  cutaneous  surface  of  the 
anterior  annular  ligament  of  the  wrist  into  the  palm  of  the  hand.  Its 
disposition  m  the  hand  will  be  separately  described. 

In  the  first  half  of  its  course  through  the  fore-arm,  the  artery  is  deep- 
seated,  being  covered  by  the  muscles  arising  from  the  inner  condyle  of  the 
humerus  which  have  been  already  enumerated.  About  the  middle  of  the 
fore-arm  it  is  overlapped  by  the  fleshy  part  of  the  flexor  carpi  ulnaris  ;  but 
below  that,  it  becomes  more  superficial,  being  overlaid  by  the  tendon  of  the 
muscle,  and  covered  by  the  skin,  the  fascia  of  the  fore-arm,  and  a  thin  layer 
of  membrane  by  which  the  vessel  is  bound  down  to  the  muscle  beneath.  At 
fir,t  the  ulnar  artery  lies  on  the  insertion  of  the  brachial  anticus  into  the 
coronoid  process  of  the  ulna  ;  then  on  the  flexor  profundus  in  the  rest  of 

no  nfe;aT'  ^  °n  the  aDnUlar  li°ament  of  fce  carpus.  Below  the 
point  at  which  it  emerges  from  under  the  flexor  carpi  ulnaris  (or  a  Tittl! 

Ration  to  Nerves.-The  median  nerve  lies  immediately  on  the  inner  side 

t^^T^T      ^  °rigiS        bGing  direCtGd  d°™  the  "f  th 

crossui^bv         /    !  TV*,6  VeSSe1'  8eparated  from  ifc  a*        P°int  of 
crossing  by  the  deep  head  of  the  pronator  teres  muscle      A,  tha  .7 

.tr 

Branches.— The  ulnar  artery  gives  off  in  tw 
posterior  recurrent,  the  interosseous  ?      ^  the  anterior  and 

both  which  muscles    ^  partly  suppTs     O      "T^  Dy  ^  F^^tereS 
condyle,  it  anastomoses ^Sa  £  &ft  °U  ^  fr°nt  °f  the 

derived  from  the  brachial  *  Pr°fUnda  and  ^astomotic  arteries, 

down;  t^XSty&Jr  *T  «™  off  lower 

The  posterior  recurrent  runs^nwards  InTl  i™6  ^  ^  COmmo» 
hmk,  and  then  ascends  behind  thi  ll     bac^ards  beneath  the  flexor  sub- 
that  process  and  the  olecranon  it  Z  I        ^         the  *****  betw*c» 
passing  between  the  heads  of  that  Z    ,     ?    th&  &GXOr  ^  ul,lfllis> 
branches  to  the  muscles,  to  the  elboHtt      f ^V*"*  ™P&™ 

w  J°lut>  an<i  to  the  nerve  itself.  This 
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branch  communicates  with  the  inferior  profunda,  the  anastomotic,  and,  over 
the  olecranon,  likewise  with  the  interosseous  recurrent. 


Fi;.  274. 


Fig.  274. — View  of  the  Anas- 
tomoses of  Arteries  near 
the  Elbow-Joint  :  A  from 

BEFORE  ;    B,    FROM  BEHIND 

(from  R.  Quain).  \ 
A.  a,  brachialis  anticus  mus- 
cle ;     b,    external  condyloid 
eminence  covered  by  the  supi- 
nator radii  brevis  and  the  anas- 
tomoses of  the  superior  profunda 
and  radial  recurrent  arteries  ; 
c    ulnar    nerve ;   d,  median 
nerve ;  e,  niusculo-spir.il  nerve ; 
d,  its    posterior  interosseous 
branch :  its  radial  branch  is 
cut  ;  /,  oblique    line  of  the 
radius ;  1,  brachial  artery  ;  2, 
radial  artery  ;  3,  ulnar  artery  ; 
4,  inferior  profunda ;  5,  anas- 
tomotic ;  6,  anterior  ulnar  re- 
current anostomosing  with  the 
anterior  descending  branches  of 
the  anastomotic ;  7,  posterior 
ulnar  recurrent  passing  up  be- 
hind the  inner  condyloid  emi- 
nence to  anastomose  with  the 
inferior  profunda  and  posterior 
branch  of  the  anastomotic  ;  8, 
spiral  branch  of  the  superior 
profunda;   9,    placed   on  the 
tendon  of  the  biceps  muscle, 
points  to  the  radial  recurrent 
artery;   10,    10,  interosseous 
artery  and  its  anterior  branch. 

B.  a,  a  part  of  the  brachial  anticus  ^^^SSjSSt^^ 
elbo.v-joint;  c,  ulnar  nerve  ;  d  a  small. par  *  ^"^.J?^  branch' to'the  outer 
profunda  artery  ;  2,  its  branch  to  the  taoeps  6>  Current  of  the  posterior 

condyle  ;  4,  its  anastomosis  with  the  recurrent  rad. *  "J1*^.  and  with  the  anasto. 
interosseous  artery,  passing  up  to  anastomose  with  the ^  8  of  the  anastomotic 
motic  behind  the  joint ;  6  inferior  P™funda  7,  porte "^X^ita  the  superior  pro- 
artery  ;  8,  anastomosis  of  the  anastomo ^  ^^Xr  recurrent  axte^ pawing 
fuuda  and  the  posterior  interosseous  re  current  9,  P°*te"  inferior  profunda  and  anasto- 
up  in  the  groove  of  the  ulnar  nerve  to  anastomose  with  the  interio  P 

motic. 

a        ^     rra.a  Jntpro^seons  or  common  interosseous  artery, 

border  of  the  interosseous  ligament,  where  it  divides  into 

posterior  interosseous  arteries  0^or;nr  <,„rface  of  the  inter- 

V  The  anterior  interosseous  descends  upon l  the  anterior 

osseous  ligameut,  accompanied  by  the  ^^^fj^L^  the 

lierve  and  ven*  comites,  and  overlapped  by^^  °o 

flexor  profundus  digitorum  and  flexor  longu<  the  pronator 

its  course  directly  downwards  as  far  as  the  upper  border  ot      J  ^ 

quadratus  muscle,  then  pierces  the  interosseous  ligament, 

the  back  of  the  carpus. 
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The  anterior  interosseous  artery  gives  off  the  following  branches  : — 

(a)  The  artery  of  the  median  nerve,  or  the  median  artery,  a  long  slender  branch, 
which  accompanies  the  median  nerve  and  sends  offsets  into  its  substance.  This 
artery  is  sometimes  much  enlarged,  and  in  that  case  it  presents  several  peculiarities 
to  be  hereafter  noticed. 

(b)  Muscular  branches  to  the  flexor  profundus,  flexor  longus  pollicis  and  pronator 
quadratus  muscles. 

(c)  The  nutrient  arteries  of  the  shafts  of  the  radius  and  ulna,  which  diverging  from 
one  another,  enter  the  oblique  foramina  in  those  bones  to  be  distributed  to  the 
medullary  membrane  in  their  interior. 

(d)  An  anterior  inosculating  branch,  given  off  before  the  artery  pierces  the  inter- 
osseous membrane,  and  descending  beneath  the  pronator  quadratus  muscle  to  anas- 
tomose with  the  anterior  carpal  arteries. 

(e)  Terminal  twigs  inosculating  with  the  posterior  carpal  arteries. 

The  posterior  interosseous  artery  passes  backwards  through  the  interval 
eft  between  the  oblique  ligament  and  the  upper  border  of  the  interosseous 
igament  and  continuing  its  course  downwards  along  the  fore-arm,  covered  by 
the  superficial  layer  of  extensor  muscles,  gives  branches  to  them  and  the 
deep-seated   muscles,  and   reaches  the    carpus   considerably  diminished 
in  size. 

In  addition  to  muscular  branches,  it  gives  off  the  following 

of(thP  wW"ia-bfanCheS'Which  anastomose  with  the  posterior  or  terminal  branch 
uL^  artr1      °SSC0US  **  -paf  branches  of  ZZm  ^M 

Muscular  Branches  of  the  ulnar  artery  are  distributed  to  the  muscles 

SLlTteXr^'  reMlleS      4—  *•  «»-  «  the 

Its  branches  are  the  following  •— 

second  and  third  dorsal  VSSZSSL^^\  J*™  ihh  arch  are  dcrivctl  th* 

at  the  upper  ends  of  those  space  lUS  metacarPal  boncs>  are  reinforced 
branches  of  the  deep  palmar %rS      by  anastomoses  ^  the  posterior  perforating 

JlarPh^aiT^h;  issiSTS the  ];Me  fingcr-  *—«  this 

small.  a  sePar.ite  vessel,  the  posterior  carpal  being  then  very 

^^^7^^k^^  «^r.  which  runs  on  the 
with  a  similar  offset  W EjS5 ^  ^  P"*»*»,  anastomoses 
and  articulations.  dlal  artery>  and  s«PPKes  the  carpal  bones 

Peculiarities.— OH<iin—\n  M,*     i  1 
Qnain,  the  ulnar  artery  was  found  to  Stefro^  °f  °bSCrTC<1  *  Ri^d 

'^  Proportion  of  one  in  thirteen.   X?2£JlS£         ^  °f  ne*^  »» 

axillary,  the  source  from  which  it  sprSfffKJ  m°rC  f™l«cnlly  than  the 

main  trunk  at  different  parts  apnea redN'o         '       cxamP,e*  "fits  origin  from  the 

PPcared  to  decrease  in  number  in  proportion  as  the 
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place  of  origin  was  higher  up  the  artery.  (See  on  this  subject  the  description  of  the 
peculiarities  of  the  axillary  and  brachial  arteries,  pp.  381  and  385.) 


Fig.  275.  Fig.    275.— Abnormal  SupERFicrAti   Ulnar  Artert 

RISING  HIGHER  MAN  USUAL  FROM  THE  BRACHIAL.  \ 

This  figure  has  been  taken  from  a  preparation  in  A. 
Thomson's  collection  ;  the  drawing  being  planned  after 
that  of  a  similar  case  represented  by  R.  Quain.  Tab. 
xxxvi.  Fig.  1. 

a,  biceps  muscle  covered  by  the  deep  brachial  fascia  ; 
by  the  same  fascia  in  the  fore-arm,  which  has  been 
opened  in  a  considerable  extent  to  show  the  radial  artery 
subjacent  to  it ;  C,  median  nerve  ;  d,  ulnar  nerve  ;  1, 
on  the  biceps  muscle,  points  to  the  brachial  artery  after 
having  given  off  an  ulnar  artery  higher  up,  and  dividing 
at  1',  into  the  radial  artery  and  a  deep  vessel  correspond- 
ing to  the  interosseous  and  a  part  of  the  usual  ulnar  ; 
2,  on  the  supinator  longus  muscle,  points  to  the 
radial  artery  ;  3,  3,  artery  which  is  given  off  by  the 
brachial  in  the  arm,  and  which  descending  upon  the  fascia 
takes  the  place  of  the  ulnar  at  the  wrist ;  3',  the  same 
continued  into  the  superficial  palmar  arch,  giving  off 
digital  branches  nearly  in  the  usual  manner,  and  joined 
by  a  branch  fiom  the  radial,  4,  the  superficial  volar  ; 
5  digital  branches;  towards  the  thumb  a  commu- 
nication of  the  superficial  arch  with  the  princeps  pollicis 
exists. 

Course.— The  position  of  the  ulnar  artery  in  the 
fore-arm  is  more  frequently  altered  than  that  of  the 
radial  When  it  arises  in  the  usual  way,  the  course 
of  this  artery  is  not  often  changed ;  but  it  has  been 
seen  to  descend  apart  from  the  tendon  of  the  flexor 
carpi  ulnaris,  instead  of  being  close  to  its  radial 

leases  of  high  origin,  it  almost  invariably  descends 
over  the  muscles  arising  from  the  inner  condyle  of  the 
humerus,  only  one  exception  to  this  rule  having  been 
met  with.    (R.  Quain,  plate  36,  fig.  2.) 

Most  commonly  it  is  covered  by  the  fascia  of  the 
fore-arm ;  but  cases  also  occur  in  which  the  vessel  rests 
on  the  fascia,  and  either  continues  in  that  position  or 
becomes  subaponeurotic  lower  down  while  the  vessel 
thus  disposed  is  distributed  after  the  manner  of  the 
normal  ulnar  artery.    The  vessel  from  which  the  high 
ulnar  separates  is  'afterwards  divided  in  o  the  radial 
Artery  and  the  interosseous,  the  last  of  which  is  usually 
derived  from  the  ulnar ;  it  appears  therefore  probable 
that  the  abnormal  arrangement  results  from  early 
obstruction  of  the  ulnar  artery  below  the  origin  of  the 
interosseous,  and  the  development  of  a  superficial 
vas  aberrans,  which  unites  the  portion  of  vessel  below 
the  obstruction  with  the  axillary  or  brachial  trunk,  i  he 
interosseous  artery  in  such  cases  of ^abnormality  bus 
comprises  not  only  the  ordinary  ^erosaeoua  branch, 
hut  likewise  the  portion  of  ulnar  artery  a    u  < 
obstruction;  and,  in  accordance  wit  i  tin s  V* .  k 
find  that  the  recurrent  branches  arc  derived  from  it. 

noticed  with  that  vessel. 
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Branches—  The  anterior  and  posterior  ulnar  recurrent  branches  frequently  arise 
by  a  common  trunk.    One  or  both  have  been  seen  to  arise  from  the  brachial  artery. 

The  anterior  and  ■posterior  interosseous  arteries  are  occasionally  given  separately 
from  the  ulnar.  The  common  interosseous  trunk  has  been  found  to  arise  above  its 
ordinary  situation,  taking  origin  from  the  brachial,  and  even  (but  more  rarely)  from 
the  axillary  artery.  The  anterior  interosseous  presents  some  striking  varieties  of 
excess  in  its  branches,  usually  connected  with  a  deficiency  in  the  radial  or  ulnar 
arteries  :  the  most  important  of  these  is  enlargement  of  the  median  branch. 

Median  artery.— The  branch  accompanying  the  median  nerve  is  sometimes  much 
enlarged,  and  in  such  cases  may  be  regarded  as  a  reinforcing  vessel.  It  is  generally 
a  branch  of  the  anterior  interosseous,  but  sometimes  of  the  ulnar ;  and  more  rarely 
a  median  branch  has  been  met  with  descending  from  the  brachial  artery.  Accom- 
panying the  median  nerve  beneath  the  annular  ligament  into  the  palm  of  the  hand 
lie  median  artery  ends  most  frequently  by  joining  the  superficial  palmar  arch,  some- 
times by  forming  digital  branches,  in  other  cases  by  joining  digital  branches  given 
trom  other  sources. 


SUPERFICIAL  PALMAR  ARCH. 


The  superficial  palmar  arch  or  artery  (arcus  superficial!*  voire,—  Haller)  is 
the  continuation  of  the  ulnar  artery  into  the  hand.  Changing  its  course  near 
the  lower  border  of  the  annular  ligament,  this  artery  turns  obliquely  out- 
wards across  the  palm  of  the  hand  towards  the  middle  of  the  muscles  of  the 
thumb,  where  it  terminates  by  inosculating  with  a  small  branch  of  the 
radia  artery— the  superficial  volar,  generally  passing  through  among  the 
muscles  of  the  thumb.  In  its  course  across  the  hand,  the  palmar  artery 
describes  a  curve,  having  its  convexity  directed  towards  the  fingers,  and 

In, 2  W  T+  ,  some^  lower  than  a  line  on  a  level  with  the  pha- 
langeal articulation  of  the  thumb. 

li  JmLT^th?1  Pa!mar;^e7festsat  its  commencement  on  the  annular 
I  gament  of  the  wrist,  and  shghtly  on  the  short  muscles  of  the  little  finKer  • 

of  Te^di n I  1  ^  SUPerfiCkl  ^  °f  ^  ***™>  and  tbe 

for  a aZ     ?  T?'  nerVeS'  the  ktt6r  nerve  accompanying  the  vessel 

by  the  i!l  t    ?  18  °OVered  t0Wards  the  ulnar             of  the  hand 

xrftegtment    ^  ^  "*  &{tmd8  *  the  Palmar            and  the 

*?^l££^J^* the  8uperfic!al  «*■ 

commencemtS  ZTTT^  5*""*  fr°m  the  ulnar  ^ery  at  the 

inosculates  with  the  mlmnr?  "  t  abductor  of  the  little  finger,  and 
Pletingthedfep  pai:^6™"^  °f  ^  thereby'com- 

or  concave  side  of  the S£  *  ^  ^  °f  the  hand  *>m  the  upper 

inner  fingers,  ai/the ^J^f  to  both  sides  of  the  three 

inclines  inwards  to  the  ubar b  rder  of  T  t*8?     ^  bra»ch 
offsets  to  the  muscles  of  the  ™  ^  ha™>  and  after 

giving  minute 

Phalanges.     The  second  runs  alot  "3?  ^  th<3  iMer  of  * 

root  of  the  fingers  divides  into  two  br/  l  space,  and  at  the 

tiguous  borders  of  the  ring  wl  bran^Gf'  wh.ch  proceed  along  the  con- 

distribnted  to  the  rine  fiL«r  Z  i     ,  ,  ,    6  fiuger'     The  third  is  similarly 
"n0  finger  and  middle  finger  ;  and  the  fourth  to  the 
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latter  and  the  index  finger.  The  thumb  and  the  radial  side  of  the  index 
finger  are  supplied  from  the  radial  artery. 


Fig.  276. 


Fig.  276.— Superficial  Dissection  of  the  Lower 
Part  of  the  Forearm  and  the  Hand,  showing 
the  Radial  and  Ulnar  Arteries,  the  Super- 
ficial Palmar  Arch,  and  the  accompanying 
Nerves  (from  R.  Quain).  J 

a,  placed  on  the  deep  fascia  of  the  forearm,  between 
the  tendons  of  the  palmaris  longus  and  flexor  carpi 
radialis  muscles ;  6,  points  by  a  line  crossing  the 
pisiform  bone  to  the  ulnar  nerve  ;  c,  points  to  the 
styloid  process  of  the  radius  and  twigs  of  the  radial 
nerve  ;  1,  radial  artery  lying  on  the  flexor  longus 
pollicis  ;  1',  the  radial  artery  passing  behind  the 
tendons   of  the   extensor  ossis  metacarpi  pollicis 
and  extensor  primi  internodii  pollicis  ;  2,  superhciaUs 
vote  branch  piercing  the  short  muscles  of  the  thumb 
and  emerging  below  to  join  the  superficial  palmar 
arch;  3,  external  branch  of  the  princeps  pollicis  ;  4, 
radialis  indicis  ;  a  branch  from  the  superficial  arch  is 
seen  joining  the  internal  branch  of  the  princeps 
pollicis ;  5,  ulnar  artery  lying  upon  the  flexor  digi- 
torum  profundus;  5',  the  same  descending  on  the 
anterior  annular  ligament  to  form  the  superficial 
palmar  arch;   6,  deep  branch  of  the  ulnar  artery 
passing  between  the  abductor  and  flexor  minimi 
digiti  to  join  the  deep  arch,  accompanied  by  the  deep 
bianch  of  the  ulnar  nerve  ;  7,  branch  of  the  super- 
ficial  arch  to  the  ulnar  side  of  the  litt  e  finger  ;  8 
division  of  the  common  branch  to  the  4th  and  5th 
fingers  ;  9,  the  same  to  the  3rd  and  4th  fingers  10 
ttJsame  to  the  2nd  and  3rd  fingers  ;  7  and  8 
accompanied  by  the  digital  branches  of  the  ulnai 
nerve,  and  3,  4,  9,  and  10,  by  the  branches  of  the 
median;  nerve. 

The  digital  arteries  are  placed  at  first  super- 
ficial to  the  tendons,  and  then  lie  between 
•  a  i    +1^  rlimtal  nerves  as  far  as  the  clefts  of  the  fingers, 
them,  ^^^^^^tio^  arteries,  branches  of  the 
-where  they  are  joined  by  the  anterior  ime  beneath  the  corre- 

deep  arch.     On  the  sides  of  the  fingers  each  artery \™ 
sponding  nerve,  and  gives  branches  t  W  o    the  bones 

and  the  joints,  some  of  them  anastomosing  across  the  tro 
with  similar  branches  from  the  opposite  side     At  about  the  imdd 
last  phalanx,  the  two  branches  for  ^^^J  of  the  nail 

from  which  proceed  numerous  small  onsets  to  suppiy 
and  all  the  structures  at  the  tip  of  the  finger. 

[The  pities  observed  in  the  branches  of  palmar  arch  will  be 

noticed  after  the  description  of  the  deep  arteries  of  the  hand.] 
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turns  round  the  outer  border  of  the  wrist  ; 
and  descends  to  the  back  of  the  space  be- 
tween the  metacarpal  bones  of  the  thumb 
and  forefinger  :  there  it  passes  forwards 
into  the  palm  of  the  hand,  and  crosses  to- 
wards the  inner  side,  so-  as  to  form  the 
deeper  palmar  arch.  In  consequence  of  the 
changes  in  its  course,  the  direction  and 
conuections  of  the  radial  artery  may  be 
separately  described  in  the  forearm,  on  the 
wrist,  and  in  the  hand. 

Fig.  277. — Deep  Anterior  View  op  the  Ar- 
teries op  the  Arm,  Forearm,  and  Hand 
(from  Tiedemann).  £ 

The  biceps  brachii,  the  pronator  teres  and  mus- 
cles rising  from  the  inner  condyle,  the  supinator 
longus,  the  lower  part  of  the  flexor  longns  pol- 
licis and  flexor  profundus  digitorum,  the  anterior 
annular  ligament  of  the  carpus  and  the  muscles 
of  the  ball  of  the  thumb  have  been  removed  ;  n 
pronator  quadratus  muscle;    1,  lower  part  of 
the  axillary  artery  continued  into  the  brachial- 
2,    superior  profunda  branch;   3,  inferior  pro- 
funda; 4,  anastomotic;  5,  upper  part  of  the  radial 
artery  and  radial  recurrent ;  5',  lower  part  of  the 
radial  artery  giving  off  the  superficial  volte 
branch  ;  5  ,  the  radial  artery  emerging  from  be- 
tween the  heads  of  the  abductor  indicis  muscle  ! 
b,  6,  the  upper  part  of  the  ulnar  artery  with  the 
anterior  and  posterior  ulnar  recurrent  branches ; 
b,  the  ulnar  artery  approaching  the  wrist  and 
descending  into  the  superficial  palmar  arch  which 
has  been  cut  short;  6",  the  deep  branch  of  the 
ulnar  artery  uniting  with  the  deep  palmar  arch  ; 
/  (marked  only  on  one),  three  interosseous  branches 
trom  the  deep  palmar  arch  joining  the  palmar 
digital  arteries  8,  8,  8,  which  have  been  cut  away 
trom  their  origin  from  the  superficial  arch  to  near 
their  division  into  the  collateral  digital  arteries- 
the  ulnar  collateral  of  the  little  finger  is  represented 
as  rising  in  this  instance  from  the  deep  ulnar  ar- 
?     '.  p,la{!ed,  between  the  priuceps  pollicis  and 
radialis  indicis  branches  of  the  radial  artery  •  10 
lower  part  of  the  anterior  interosseous  artery 
passing  behind  the  pronator  quadratus  muscle  •  1 1 
annstomos.s  of  the  anterior  carpal  branches  of  the 
radial  and  ulnar  arteries  with  recurrent  branches 
from  the  deep  palmar  arch.  "i*ucne& 

In  the  forearm  the  radial  artery,  com- 
mencing at  the  point  of  bifurcation  of  the 
brachial  opposite  the  neck  of  the  radius 
descends  at  first  somewhat  obliquely  out- 
wards in  a  line  with  the  brachial  artery 
and  then  nearly  vertically  along  the  outer 
part  of  the  front  of  the  forearm  to  the 
styloid  process  of  the  radius.  Its  course 
may  be  indicated  by  a  line  drawn  from 
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the  middle  of  the  bend  of  the  elbow  to  the 
narrow  interval  between  the  trapezium  bone 
and  the  tendons  of  the  extensors  of  the 
thumb,  which  can  be  readily  felt  on  the 
outer  border  of  the  -wrist. 


Fig.  278. — Arteries  op  tiie  Outer  and  Baok 
Part  op  the  Arm  and  Hand,  Superficial 
View  (from  Tiedemann).  { 

a,  deltoid  muscle  ;  b,  external  humeral  head  of 
triceps;  c,  biceps  brachii  ;  d,  brachialis  anticus  ; 
e,  supinator  lon«us ;  /,  extensor  carpi  radialis 
longior  ;  g,  brevior ;  h,  extensor  communis  digi- 
torum  and  extensor  minimi  digiti ;   i,  _  extensor 
carpi  ulnaris ;  k,  anconeus;  I,  flexor  carpi  ulnans ; 
m,  extensor  ossis  metacarpi  pollicis;  n,  extensor 
primi  internodii  pollicis  ;  o,  tendon  of  the  extensor 
secundi  internodii  pollicis;   1,   1,  branches  of 
superior  profunda  artery  appearing  between  the 
triceps  and  brachialis  anticus,  and  descending  on 
the  outer  supracondyloid  eminence  to  anastomose 
with  the  branches  of  the  recurrent  radial  artery; 
2  above  the  posterior  annular  ligament  points  to 
the  posterior  carpal  branch  of  the  interosseous 
artery  ;  3,  posterior  carpal  branch  of  the  ulnar 
artery  ;  4,  radial  artery  taking  its  course  between 
the  outer  lateral  ligament  of  the  wrist-joint  and 
the  tendons  of  the  extensor  muscles  before  passing 
near  5,  between  the  two  heads  of  the  abductor 
indicis  :  beneath  the  extensor  tendons  is  seen  the 
posterior  carpal  arch,  giving  the  third  and  fourth 
dorsal  interosseous  arteries  ;  6,  the  inner  dorsal 
artery  of  the  thumb  ;  7,  the  outer  dorsal  artery 
of  the  index  finger,  and  between  7,  and  7 ,  the 
remaining   dorsal   digital  vessels  in  the  spaces 
between  the  heads  of  the  metacarpal  bones,  near 
their  communications  with  the  palmar  digital 
vessels. 

The  radial  artery  is  nearer  to  the  surface 
than  the  ulnar,  and  is  covered  only  by 
the  common  integument  and  fascia,  except 
where  it  is  overlapped  by  the  fleshy  part  of 
the  supinator  longus,  which  must  be  drawn 
aside  in  order  to  bring  the  vessel  into  view 
At  first  it  is  in  contact  with  the  tendon  of 
the  biceps,  and  is  supported  by  the  fatty 
tissue  contained  in  the  hollow  in  the  front 
of  the  elbow,  which  separates  it  from  the 
short  supinator  muscle.     It  then  rests  in 
succession  on  the  insertion  of  the  pronator 
teres,  the  thin  radial  origin  of  the  flexor 
Bublimis,   the  flexor  pollicis   longus,  the 
pronator  quadratus,  and  the  lower  end  of 
the  radius.     It  is  at  this  last  point  that 
the  pulse  is  usually  felt  during  life.  To 
the  inner  side  of  this  vessel  lie  the  pronator 
teres  in  the  upper  part  of  its  course,  and 
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the  flexor  carpi  radialis  in  the  remainder ;  and  on  the  outer  side,  in  its  whole 
course  along  the  forearm,  is  the  supinator  lougus  muscle. 

Relation  to  Veins. — The  artery  is  accompanied  by  vents  comites,  which 
have  the  usual  arrangement  of  those  veins. 

Relation  to  Nerves. — The  radial  brauch  of  the  musculo-spiral  nerve  is- 
placed  on  the  outer  side  of  the  artery  in  the  middle  third  of  its  course.  At 
the  elbow  that  nerve  is  separated  from  the  artery  by  a  considerable  interval  ; 
ami  towards  the  lower  end  of  the  fore  arm  it  turns  backwards  beneath  the 
tendon  of  the  supinator  longus,  to  reach  the  dorsal  aspect  of  the  limb,  and 
thus  loses  all  connection  with  the  artery.  Some  filaments  of  the  external 
cutaneous  nerve  pierce  the  fascia  to  reach  the  lower  part  of  the  artery, 
which  they  accompany  to  the  back  of  the  carpus. 

At  the  wrist  the  radial  artery  turns  outwards  between  the  styloid  process 
of  the  radius  and  the  carpus,  beneath  the  tendons  of  the  extensors  of  the 
metacarpal  bone  and  first  phalanx  of  the  thumb,  and  upon  the  external 
lateral  hgament  of  the  wrist-joint,  to  reach  the  back  of  the  carpus.  It  then 
runs  downwards  for  a  short  distance,  is  crossed  by  the  tendon  of  the 
extensor  of  the  second  phalanx  of  the  thumb,  and  reaching  the  upper  end  of 
the  space  between  the  first  and  second  metacarpal  bones,  turns  forwards 
into  the  palm  of  the  hand,  by  passing  between  the  heads  of  the  first  dorsal 
interosseous  muscle. 

As  it  turns  round  below  the  end  of  the  radius  the  artery  is  deep-seated, 
but  afterwards  comes  nearer  to  the  surface.  It  is  accompanied  by  two 
veins  and  by  some  filaments  of  the  external  cutaneous  nerve,  and  is  crossed 
by  subcutaneous  veins  and  by  filaments  of  the  radial  nerve 

Branches. -The  branches  of  the  radial  artery  maybe  arranged  according 
as  they  are  given  off  in  the  fore  arm,  on  the  wrist,  and  in  the  hand 

a.  The  branches  which  arise  from  the  radial  in  the  fore  arm  are  the 

SSiKS?  the  muscular  branches' the  ante™ 

f  J?*,™6  I*1?1  recur™ni™^>  which  varies  much  in  size,  arches  upwards 

mTcut Z >    t  S0°naftTerits  0ri^  between  the  branches  the 

taS2?E£  ^T-  ^  fil'St  HeS  0n  the  SUPinat0r  Wis>  then  on  the 
brachial  anticus,  being  covered  by  the  supinator  longus.    In  front  of  the 

supinator  bJ!^^^^^  *  alS0  ^  th° 

r^^nZT^LTZr^  %TU  branch-M  arises  from  the 
inwards  in  f  ont h  Tdius  It  °J  Y  prODator  ^"^us,  and  runs 
carpal  artery  so  a7tn  f!  ,      anastomoses  with  the  anterior  ulnar 

arl/cuk^^^^^^  in  front  of  the  radio-carpal 
wrist.  hlCh  braUches  descend  *o  supply  the  joints  at  the 

wards  into  the  hand     ^  8Ve  it  fsT     ^  °f  ^  tOKaxm>  *™»  on" 
Bmall,  and  ends  in  the  muscles  0f  TJT   V  "i  ^  iDStanCes  ifc  is  ^ 
siderable  size,  and  crossmH Z     the,thumb  ;  but  in  othe™  i*  attains  con- 
is  usually  d^e^KS^S^^  J  <W  terminates,  as  it  * 
ficial  paliar  arch,  w'hij Tt                           ^  °f  the  ^ 


398 


RADIAL  ARTEEY. 


Several  unnamed  muscular  branches  are  given  by  the  radial  artery  to  the 
muscles  on  the  fore  part  of  the  arm. 

B.  The  branches  which  arise  from  the  radial  artery  behind  the  wrist  are 
the  posterior  carpal,  the  metacarpal,  the  dorsal  arteries  of  the  thumb,  and 
the  dorsal  artery  of  the  index  finger.  _ 

(a)  The  posterior  radial  carpal  is  a  small  but  constant  branch.  It  arises 
beneath  the  extensor  tendons  .of  the  thumb,  and  running  inwards  on  the 
back  of  the  carpus  anastomoses  with  the  posterior  ulnar  carpal  branch, 
completing  the  arch  from  which  spring  the  dorsal  interosseous  arteries  of  the 
third  and  fourth  spaces  (p.  391).  It  anastomoses,  also,  with  the  terminal 
branch  of  the  anterior  interosseous  of  the  fore  arm. 

(b)  The  first  dorsal  interosseous  or  metacarpal  branch  arises  beneath  the 
extensor  tendons  of  the  thumb,  frequently  in  common  with  the  posterior 
carpal  branch,  passes  to  the  interval  between  the  second  and  thud 
metacarpal  bones,  communicates  with  the  corresponding  perforating  branch 
of  the  deep  palmar  arch,  and  descending  on  the  second  dorsal  interosseous 
muscle  anastomoses  with  the  palmar  digital  branch  at  its  division  between 
the  fingers. 


Fig.  279.— Deep  View  of  the  Arteries  of  the 
Wrist  and  Hand,  from  before  (from  R. 
Quain).  £ 

The  anterior  annular  ligament  of  the  earpus  lias 
been  divided  and  the  lower  part  of  the  common 
flexors  and  flexor  of  the  thumb  has  been  re- 
moved ;  portions  of  these  tendons  are  represented 
as  turned  down  upon  the  fingers  with  parts  of  the 
lumbricales  muscles;  the  superficial  palmar  arch  is 
removed,  and  the  interossei  muscles  are  exposed. 
a    ulnar  nerve ;  b,  tendon  of  the  flexor  carpi 
ulnaris  muscle  ;    c,  tendon  of  the  flexor  carpi 
radialis  ;  d,  inserted  tendon  of  the  extensor  ossis 
metacarpi  pollicis  ;  1,  radial  artery  ;  1',  its  lower 
part  before  passing  back  within  the  extensor  ten- 
dons of  the  thumb,  giving  the  anterior  carpal  and 
superficial  volar  branches;  2,  ulnar  artery  ;  3, 
anterior  interosseous  artery  before  passing  behind 
the  pronator  quadratus  muscle  ;  4,  radial  artery, 
appearing  deeply  in  the  palm  between  the  first  and 
second  metacarpal  boDes  and  passing  into  the  deep 
palmar  arch  ;  5,  deep  branch  of  the  ulnar  artery 
dipping  between  the  abductor  and  flexor  brevis 
minimi  digiti  to  join  the  deep  arch,  and  accom- 
panied by  the  deep  branch  of  the  ulnar  nerve  ;  o, 
a  palmar  digital  artery  rising  from  the  first  part  of 
the  superficial  palmar  arch;  7,  the  princeps  pol- 
licis   and  8,  the  radialis  indicis  arteries  rising 
from  the  radial  artery;   9,  9,  9,  interosseous 
branches  of  the  deep  palmar  arch  proceeding 
down  on  the  interosseous  muscles  to  join  the 
palmar  digital  arteries  from  the  superficial  areh. 


(c)  The  dorsal  -arteries  of  the  thumb,  two 
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lower  down  than  the  preceding,  and  sending  branches  to  the  abductor 
indicis,  runs  along  the  radial  side  of  the  back  of  the  index  finger. 

c.  The  branches  derived  from  the  radial  after  it  has  entered  the  hand, 
are,  the  great  artery  of  the  thumb,  the  radial  branch  of  the  index  finger, 
and  its  large  terminal  branch,  which  forms  the  deep  palmar  arch. 

(a)  The  large  artery  of  the  thumb  (arteria  princeps  pollicis, — Haller)  arises 
from  the  radial,  where  it  is  about  to  turn  inwards  across  the  palm  of  the 
hand.  It  descends  in  front  of  the  abductor  indicis,  between  the  metacarpal 
bone  of  the  thumb  and  the  muscles  covering  it,  to  the  space  between  the 
lower  ends  of  the  flexor  brevis  pollicis.  At  that  point,  and  beneath  the 
tendon  of  the  long  flexor,  it  divides  into  two  collateral  branches,  which 
course  along  the  borders  of  the  phalanges,  on  the  palmar  aspect,  and  unite 
in  front  of  the  last  phalanx,  to  form  an  arch  similar  in  arrangement  to  that 
on  the  other  fingers. 

(b)  The  radial  branch  for  the  index  finger  generally  arises  close  to  the 
large  artery  of  the  thumb  ;  but  though  constantly  found,  it  varies  in  size 
and  in  its  mode  of  origin.  It  descends  between  the  abductor  indicis  and 
adductor  pollicis  muscles,  and  continues  along  the  radial  border  of  the  index 
finger,  forming  the  radial  collateral  branch  of  that  finger,  and  anastomosing 
in  the  usual  manner  on  the  last  phalanx  with  the  ulnar  collateral  branch 
derived  from  the  superficial  palmar  arch. 

This  artery  very  frequently  gives  off  a  communicating  branch  to  the  superficial 
arch,  near  the  lower  border  of  the  adductor  pollicis.  But  the  most  frequent  com- 
munication between  the  radial  artery  and  the  superficial  arch  is  by  means  of  the  small 
branch  which  proceeds  from  the  former  through  the  muscles  of  the  thumb. 

PEonLrAKiTiES.-Ongrm.-In  the  observations  of  Eichard  Quain,  the  radial  artery 
was  found  to  arise  higher  up  than  usual  in  nearly  one  case  in  eight 

Course.— The _  radial  artery  more  rarely  deviates  from  its  usual  position  alonij  the 
fore  arm  than  the  ulnar  -It  has,  however,  been  found  lying  upon  the  fibrous  expan- 
sion from  the  tendon  of  the  biceps,  and  over  the  fascia  of  the  fore  arm,  instead  of 
beneath  those  structures.  This  vessel  has  been  also  observed  on  the  surface  of  the 
long  supinator,  instead  of  on  the  inner  border  of  that  muscle.  In  turning  round  the 
wrist,  it  has  been  seen  passing  over  the  extensor  tendons  of  the  thumb,  instead  of 
within  them  Bu  these  several  peculiarities  are  of  very  rare  occurrence.  As  was 
previously  stated  (p.  387),  the  vasa  aberrantia  occasionally  derived  from  the  bZ 
branch^ lUaiyartene3  m0St  commonly  end  by  joining  the  radial,  or  one  of  its 

Branches.-The  radial  recurrent  is  sometimes  very  large,  or  it  may  be  re 
placed  by  several  separate  branches.  When  the  radial  itself  arises  h£h  up  the 
recurrent  artery  usually  comes  from  the  residual  brachial  trunk,  or  ometLe^from 
the  ulnar  artery,  or  more  rarely  from  the  interosseous.  When  given  from  thS 
SSKL£*  ^  radkl  ™  hM  b6en  M  beeneShenthetendohne 

arch,  or  with  any  of  the  dfgS'rteHes  ^  C°nneCti0a  **  the  Palmar 

an^aZg6  wTSl'^cSJX  th  ^  V  M  ^  *™^> 
superficial  volar  branc occSnX  «ri™  arch  may  be  absent.  The 

usual.  occasionally  arises  as  much  as  an  inch  and  a  half  higher  than 

^^t^^  d~ Is  on  the  second 

quentlysolargeastofu^^^  ^  cldle  fingers,  is  not  unfre- 

The  carpal  and  interosseous  (ml A?n,?  *i  V^V0  Cach  °f  those  fi,1Sers- 

small,  their  place  being  supS  b?th?K  }  i  ^  °f  the  M  are  onetimes 
apparently  by  an  eala?^^ 
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Fig.  230. 


DEEP  PALMAR  ARCH. 
The  deep  palmar  arch,  the  continuation  of  the  radial  artery,  commences 
at  the  upper  end  of  the  first  interosseous  space  between  the  heads  of  the 
abductor  indicis,  turns  transversely  across  the  palm  towards  the  fourth 
metacarpal  bone,  and  inosculates  with  the  communicating  branch  of  the 
ulnar  artery.  The  convexity  of  the  arch  thus  formed  is  directed  downwards. 
It  rests  on  the  interosseous  muscles  and  on  the  metacarpal  bones  immediately 
below  their  carpal  extremities,  and  is  covered  by  the  flexor  brevis  pollicis, 
the  flexor  tendons  of  the  fingers,  and  the  muscles  of  the  little  finger.     It  is 

nearer  to  the  carpus  than  the  superficial 
arch,  and  differs  from  it  in  retaining  its 
size  almost  undiminished.  It  is  in  part 
accompanied  by  the  deep  branch  of  the  ulnar 
nerve,  which  runs  from  the  inner  end  of 
the  arch  outwards. 

Branches  : — 

(a)  The  recurrent  branches  (rami  retrogradi, 
— Haller),  from  the  upper  concave  side,  ascend 
and  anastomose  with  the  branches  from  the  an- 
terior carpal  arch. 

(6)  The  superior  perforating  branches,  three 
in  number,  pass  backwards  through  the  upper 
extremities  of  the  last  three  interosseous  spaces 
to  inosculate  with  the  dorsal  interosseous  ar- 
teries. 

(c)  The  palmar  interosseous  arteries,  usually 
three  in  number,  but  very  liable  to  variation,  lie 
in  front  of  the  interosseous  spaces,  supply  the 
muscles  there,  and  anastomose  at  the  clefts  of 
the  fingers  with  the  digital  branches  from  the 
superficial  arch. 

It  is  by  an  enlargement  of  these  small  vessels 
that  the  deep  palmar  arch  sometimes  supplies 
the  corresponding  digital  arteries  in  the  absence 
of  those  usually  derived  from  the  superficial 
arch. 

Fig.  280. — Dissection  of  the  Left  Arm,  show- 
ing an  enlarged  Median  Arteky  which  re- 
places the  Radial  and  Ulnar  Arteries  in 
the  supply  op  Palmar  Digital  Arteries  to 
half  the  Fingers  (from  Tiedemann).  \ 

1  lower  part  of  the  brachial  artery ;  2, 
radial  artery,  not  giving  any  superficial  volar 
branch ;  3,  recurrent  radial  branch ;  4,  dinar 
artery  passing  superficially  over  the  wrist  aud 
supplying  at  4',  digital  arteries  to  half  the  hand  ; 
5,  the  enlarged  median  artery  passing  in  front  of 
the  annular  ligament  of  the  carpus,  and  sup- 
plying 5',  digital  vessels  to  the  outer  half  of  the 
hand. 


VARIOUS  CONDITIONS  OF  THE  ARTERIES  OF  THE  HAND. 

The  arteries  of  the  hand  frequently  vary  from  their  usual  mode  of  distribution 
fa)  By  S  the  larger  number  of  deviations  consist  of  a  deficiency  in  cither  the 
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radial  or  ulnar  system  of  arteries,  accompanied  by  a  corresponding  increase  in  the 
other  ;  and  it  may  be  observed  that  the  defect  is  much  more  commonly  on  the  part 
of  the  superficial,  and  the  increase  on  the  part  of  the  deep  set. 

(b)  In  a  second  and  smaller  class  of  variations  a  deficiency  in  one  or  other  of  the 
two  systems  is  supplied,  either  by  the  enlargement  of  branches  which  descend  in 
front  of  the  limb,  as  the  superficial  volar  (from  the  radial),  or  the  median  artery 
(from  the  anterior  interosseous),  or  by  the  enlargement  of  a  metacarpal  branch  (from 
the  radial)  on  the  back  of  the  hand. 

In  illustration  of  these  general  remarks,  the  following  modes  of  arrangement  of 
the  vessels  may  be  mentioned  : — 

In  the  greater  number  of  cases  the  superficial  palmar  arch  is  diminished  and 
gives  off  fewer  digital  branches  than  usual.  Generally  only  one  branch  is  wanting 
viz.,  that  which  supplies  the  adjacent  sides  of  the  fore  and  middle  fingers  •  but  some- 
times two  or  three  branches  are  absent,  or  even  all  four,  as  when  the  ulnar  artery 
after  giving  branches  to  the  short  muscles  of  the  little  finger,  ends  in  the  deep  pal- 
mar arch  In  the  last-mentioned  case,  which  is  rare,  it  is  obvious  that  the  superficial 
arch  is  altogether  wanting.  1 

These  various  deficiencies  in  the  superficial  palmar  arch  and  its  branches  are 
usually  compensated  for  by  an  enlargement  of  the  deep  arch,  the  palmar  inter- 
osseous branches  of  which,  being  increased  in  size,  divide  at  the  clefts  of  the  finzers 
and  form  such  collateral  digital  branches  as  are  not  derived  from  the  usual  source' 
But  a  defective  superficial  arch  may,  as  before  mentioned,  be  reinforced  from  other 
vessels,  viz.,  from  the  superficial  volar,  from  an  enlarged  median  artery,  or  from  a 
large  metacarpal  branch.  J'        om  a 

It  sometimes,  but  more  rarely,  happens,  that  the  radial  system  of  vessels  is  defi 
dent;  m  which  case  the  superficial  arch  (which  belongs  tc .the  ulnalSTem)  ntv 
supply  all  the  digital  arteries  to  the  thumb  and  fingers,  or  one  of  these  may Te  d  JZ 
lrom  the  superficial  volar,  the  median,  or  the  radial  interosseous  artery 
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From  the  point  at  which  its  arch  is  considered  to  terminate-the  lower 
margin  of  the  third  dorsal  vertebra,  the  aorta  descends  along  the  fore  w 
of  the  spxne  to  the  fourth  lumbar  vertebra,  where  it  divides  into  the  common 
iliac  arteries.    The  direction  of  this  part  of  the  vessel  is  not  ve- H 1 1  ? 
it  follows  the  bend  of  the  spine,  upon  which  it  re"  s  Z^^yln 
cave  f0rw  ds  m  the  dorsal  regi0Q>  aQd  cQnvex  fo>  £XhLC 
Again,  as  its  commencement  is  at  the  left  side  of  the  bodies  of  thTJTu 
and  its  termination  also  inclined  a  bttle  to  the  left whlls about 7^1 
dorsal  vertebra  the  vessel  is  nearly  upon  the  median  IuTpTL     •  , 
another  slight  curve  the  convex^  5  which  Ts  t the Tri^  id?  ^ 
the  thorax,  where  the  offsets  arc  «m a n  «,„  t    •  .   °ut  siae*  Within 

size  ;  in  the  abdomen  thf  d  ^ut  ^n  is  ^S^T^  ^  ^  ** 
branches  being  furnished  to  the  viscerl  C°nSeqUenCe  °f  ^ 

^i^::zdr^iT^tti:  sitr,d  iu  the  * 

vertebra  on  the  left  side,  to  the  0«eW  W         ^  °f        ^  dors;d 
in  front  of  the  last  d^^hTT  ^sTth/bT  °f 
pleural  space  or  mediastinum,  being  placed  blr!  t\         ^  °f  the  iutor~ 
root  of  the  left  kin-  and  the  rlwl  r  the  8pine  aud  heh^  the 

with  the  corresponding  T^Z  llTlk  °?  ^  ^  tt  is  *  c°^<* 
azygos  vein,  the  thoradc  Tct  and  t£  1  °U       ^  side  «»  the 

ever,  towards  the  lower  part 0 tne  ^  how- 

near  the  diaphragm  gets  somewhat  I  the  left  ?  i*  ^  ^  and 

vein  crosses  behind  the  thoracic  aorta  6ft  °r  Sma11  az^"3 

The  ^  derived  from  the  thoracic  aorta  are  numerous,  but  small. 
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They  are  distributed  to  the  walls  of  the  thorax,  and  to  the  viscera  con- 
tained within  it — the  latter  being  much  the  smaller  and  least  numerous 
branches. 

a.  The  branches  to  the  viscera  are  very  irregular  in  their  number  and 
place  of  origin.     They  are  as  follows  : — 

The  pericardiac  branches  are  some  very  small  and  irregular  vessels  which 
pass  forwards  and  ramify  on  the  pericardium. 

The  Bronchial  Arteries  are  the  proper  nutritious  arteries  of  the  sub- 
stance of  the  lung  :  they  accompany  the  bronchial  tubes  in  their  ramifications 
through  that  organ,  and  they  also  supply  the  bronchial  glands,  and  in  part 
the  oesophagus.  These  vessels  vary  frequently  in  number,  and  in  their 
mode  of  origin.  The  bronchial  artery  of  the  right  side  arises  from  the  first 
aortic  intercostal  artery,  or  by  a  common  trunk  with  the  left  bronchial 
artery  from  the  thoracic  aorta  ;  on  the  left  side  there  are  generally  two 
bronchial  arteries,  both  of  which  arise  from  the  thoracic  aorta,  one  near  the 
commencement  of  that  trunk,  and  the  other,  named  inferior  bronchial, 
lower  down.  Each  artery  is  usually  directed  to  the  back  part  of  the 
corresponding  bronchus,  along  which  it  runs,  dividing  and  subdividing  with 
the  successive  bronchial  ramifications  in  the  substance  of  the  lung. 

Peculiarities  of  the  bronchial  arteries.— The  place  of  origin  is  liable  to  much 
variation.  The  artery  of  the  right  side  has  been  found  to  arise  singly  from  the  aorta 
from  the  internal  mammary,  or  from  the  inferior  thyroid.  The  bronchial  arteries  of 
the  two  sides  have  been  seen  to  arise  by  a  common  trunk  from  the  subclavian  (Hsdler.) 
Two  common  trunks,  each  furnishing  a  branch  to  the  right  and  left  lungs,  have  been 
observed  in  a  single  case  to  descend  into  the  thorax  after  arising  one  from  the  in- 
ternal mammary,  and  the  other  from  the  superior  intercostal  artery  (R.  Quain, 
pi.  26,  f.  5.)    Instances  occur  of  two  distinct  bronchial  arteries  for  each  lung. 

The  (Esophageal  Arteries  are  variable  in  size  and  number.  There  are 
usually  four  or  five,  which  arise  from  the  fore  part  or  right  side  of  the 
aorta/and  run  obliquely  downwards  upon  the  oesophagus,  supplying  its 

^Their  lower  branches  anastomose  with  the  ascending  offsets  of  the 

of  the  stomach,  while  their  upper  branches  communicate  with  those  of  the  inferior 

thyroid  artery. 

Posterior  mediastinal  branches  of  the  aorta,  small  and  irregular,  supply 
the  elands  and  loose  tissue  of  the  posterior  mediastinum.  . 

b  The  branches  furnished  by  the  aorta  to  the  walls  of  the  thorax  are 
named  intercostal  from  their  distribution. 

The  intercostal  arteries  arise  from  the  posterior  part  of  the  aorta 
an  J^n  outwards  upon  the  bodies  of  the  vertebra,,  to  reach  the  intercosta 
spaces     They  are  usually  ten  in  number-the  upper  intercostal  space,  and 
occa onaUy  also  the  second,  being  supplied  by  the  superior  intercosta 
br^ch  of  the  subclavian  artery.    Owing  to  the  position  of  the  aorta  to  the 
unTde  of  the  spine,  the  right  aortic  intercostals  cross  over  the  front  of 
le  vertebrJ ^   furnishing  smlli  branches  to  their  interior,  and  are  longer 
h  n  tte Series  of  the  feft  side.     The  vessels  of  both  sides  pass  outward 
behind  the  pleura,  and  are  crossed  by  the  sympathetic  nerve  :  tho  e  of  the 
right  side  also  pass  behind  the  oesophagus,  the  thoracic  duct,  and  the  azygos 

^In  each  intercostal  space  the   artery,  passing   outwards  more  hori- 
+nli?  Than  the  ribs,   crosses  the  space  obliquely,  so  as  to  gam  the 
lowef  bo tS  £  the  upper  rib  near 'its  angle.     It  lies  upon  the  dee 
surface  of  the  external  intercostal  muscle,  and  in  the  back  of  the  spac 
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is  separated  from  the  pleura  by  a  fascia  ouly,  but  further  outwards  it  lies 
between  the  two  layers  of  intercostal  muscles.     Extending  forwards  in  con- 


Fig,  281. 


Fig.  281. — View  of  the 
Thoracic  and  Upper 
Part  of  the  Abdomi- 
nal Aorta,  &o.  £ 

i  For  the  general  descrip- 
tion of  this  figure,  see  p.  334. 
The  following  numbers  in- 
dicate the  branches  of  the 
aorta ;   1,  placed  between 
the  origins  of  the  right  and 
left  coronary  arteries;  2, 
innominate ;  3,  left  carotid ; 
4,  left  subclavian;  5,  bron- 
chial ;  6,  6,  oesophageal ;  7, 
7,  intercostal  arteries  (sixth 
and  seventh);   8,  inferior 
phrenic;  9,  coeliac  axis;  10, 
below  the  superior  mesen- 
teric and  opposite  the  origin 
of  the  renal  arteries  ;   ]  1, 
11,   two    of   the  lumbar 
arteries. 

tact  with  the  rib  above, 
it  finally  anastomoses 
with  one  of  the  anterior 
intercostal  branches  do- 
rived  from  the  inter- 
nal mammary  artery, 
and  with  the  thoracic 
branches  of  the  axillary 
artery. 

The  first  of  the  aortic 
intercostal  arteries  has 
an  anastomosis  with  the 
superior  intercostal  pro- 
ceeding from  the  sub- 
clavian artery ;  and  the 
last  three  are  prolonged 
into  the  abdominal  mus- 
cles, where  they  com- 
municate with  the  epi- 
gastric artery  in  front, 
with  the  phrenic  arteries 
at  the  side,  and  with 
the  lumbar  branches  of 
the  abdominal  aorta 
lower  down. 

Each  intercostal  ar- 
tery is  accompanied,  as 
it  runs  outwards  be- 
tween the  ribs,  by  a  corresponding  vein  W  K 


nerves  ; 
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Branches. — The  named  branches  of  the  intercostal  arteries  are  the 
following  : — 

(a)  The  posterior  or  dorsal  branch  of  each  intercostal  artery  passes  back- 
wards to  the  inner  side  of  the  anterior  costo- transverse  ligament,  along  with 
the  posterior  branch  of  the  corresponding  spinal  nerve ;  and  having  furnished 
an  offset  to  the  spinal  canal,  reaches  the  muscles  of  the  back,  and  divides 
into  an  internal  and  an  external  branch.  The  internal  branch  is  directed 
towards  the  spinous  processes,  on  or  through  the  multifidus  spinas,  and 
ramifies  in  the  muscles  and  the  skin.  The  external  branch  turns  outwards 
under  the  longissimus  dorsi,  and  is  distributed  between  that  muscle  and 
the  sacro-lumbalis  ;  some  twigs  reach  the  superficial  muscles  and  the 
integuments. 

The  spinal  branches  of  the  aortic  intercostal  arteries  are  distributed  partly  to  the 
cord  and  its  membranes,  and  partly  to  the  bones,  in  the  same  manner  as  the  spinal 
branches  of  the  lumbar  arteries,  to  the  description  of  which  the  reader  is  referred. 

(6)  The  collateral  intercostal  branch,  long  and  slender,  arises  near  the 
place  where  the  main  trunk  comes  in  contact  with  the  upper  rib  of  the 
space,  and  inclining  downwards  approaches  the  border  of  the  lower  rib, 
supplying  the  bone  and  the  intercostal  muscles,  and  anastomosing  in  front 
with  an  anterior  intercostal  branch  of  the  internal  mammary  artery.  There 
are  thus  in  each  intercostal  space  two  terminal  branches  of  the  intercostal 
arteries  communicating  with  the  branches  of  the  internal  mammary. 


ABDOMINAL  AORTA. 


The  aorta,  after  having  passed  the  diaphragm,  is  thus  named.  It  com- 
mences on  the  front  of  the  last  dorsal  vertebra,  and  terminates  below  by 
dividing  into  two  trunks,  named  the  common  iliac  arteries.  The  bifurcation 
usually0  takes  place  about  half  way  down  the  body  of  the  fourth  lumbar 
vertebra,  a  little  to  the  left  of  the  middle  line  ;  a  point  which  is  nearly 
on  a  level  with  a  line  drawn  from  the  one  crista  iln  to  the  other,  and 
oooosite  the  left  side  of  the  umbilicus. 

The  anterior  surface  of  the  abdominal  aorta  is  successively  m  apposition 
with  the  pancreas  and  the  splenic  vein,  the  left  renal  vein  the  third  portion 
Tf  the  duodenum,  and  the  peritoneum.  The  vena  cava  lies  along  its  r  ght 
sfde  the  right  crus  of  the  diaphragm  being  interposed  at  the  upper  part  of 
the  abdomen  ;  close  to  the  same  side  are  the  thoracic  duct  and  the ,  azygos 
vein  wh^h  a  e  placed  between  the  aorta  and  the  right  cms  of  the  dia- 
i:  The  aorta  is  also  covered  in  front  by  meshes  of  nerves  derived 
from  the  sympathetic,  and  numerous  lymphatic  vessels  and  glands. 

FiK  282.-View  of  the  Abdominal  Aokta  and  its  Pbincifal  Bkanohks  (from 

Tiedemann).  % 

•c      ^^^n  nf  the  sternum  ;  6,  vena  cava  inferior  passing  through  the  tendon 
r^T  wC^rAe  ^Ss  p^hig  through  the  muscular  portion  ;  d  tend.nou. 
of  the  diaphragm  ,  c,  tne  ^°Pn;*    *  f  f  °the  r;  ^  and  left  kidneys  with  their  supra- 
part  of  the  right,  e,  of  the ,U     rus  ^f^^  *he  uriliary  blaydder;  ;  i,  the  right 
rena  bodies    g,s >  'u  'from  the  bladder  to  the  internal  inguinal  aperture.; 

and  left  vasa  defe ™«a  P"*£|  ^     its  rt  .  i   i  the  abdominal  aorta  ;  1',  the 

Jc,  the  rectum,  *% ?^Bfahii  phrenic  arteries,  represented 

middle  sacral  artery  U  ^  from  ^e  ft,„t  of  the  aorta  taaurfW*  below  the 
as  arising  by  a  shoit  ?°™mo"  .  4  th  t     k  of  tbe  cociiac  axis  ;  5,  the  supenj 
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from  the  aorta  and  partly  from  the  inferior  phrenic  ;  7,  placed  on  the  front  of  the  aorta 
below  the  origin  of  the  spermatic  arteries  ;  7,  7',  placed  on  the  psoas  muscles,  point  to 
the  right  and  left  spermatic  arteries  as  they  descend  to  the  internal  inguinal  apertures  • 
8,  inferior  mesenteric  artery  ;  9,  lumbar  arteries,  of  which  the  lowest  is  here  represented 
as  proceeding  from  the  middle  sacral  artery;  10,  common  iliac  arteries;  11,  between 
the  external  and  internal  iliac  arteries  ;  12,  left  epigastric  artery  :  13,  circumflex  iliac  • 
14,  branches  of  the  ilio-lumbar.  ' 

Fig.  2S2. 


40G 


ABDOMINAL  AORTA. 


Branches. — The  abdominal  aorta  gives  numerous  branches,  which  ma}' 
be  divided  into  two  sets,  viz. ,  those  which  supply  the  viscera,  and  those 
which  are  distributed  to  the  walls  of  the  abdomen.  The  fonner  consists  of 
the  coeliac  artery,  the  superior  mesenteric,  the  inferior  mesenteric,  the  cap- 
sular, the  renal,  and  the  spermatic  arteries ;  whilst  in  the  latter  are  included 
the  phrenic,  the  lumbar,  and  the  middle  sacral  arteries.  The  three  first  of 
the  visceral  branches  are  single  arteries. 

Peculiarities.— Point  of  division.— In  more  than  three-fourths  of  a  considerable 
number  of  cases,  the  aorta  divided  either  upon  the  fourth  lumbar  vertebra,  or  upon 
the  intervertebral  disc  below  it ;  in  one  case  of  nine  it  was  below,  and  in  about  one 
of  eleven  above  the  spot  thus  indicated.  In  ten  bodies  out  of  every  thirteen,  the  divi- 
sion of  the  great  artery  took  place  within  half  an  inch  above  or  below  the  level  of  the 
iliac  crest ;  and  it  occurred  more  frequently  below  than  above  the  fourth  interver- 
tebral space.  (R.  Quain,  op.  cit.  p.  415.)  An  instance  of  bifurcation  immediately 
below  the  origin  of  the  right  renal  artery  is  recorded  by  Hall'er  (Disputat.  Anatom. 

^Umisual  Bran ch. — A  very  remarkable  case  is  recorded  of  the  existence  of  a  large 
pulmonary  branch  which  arose  from  the  abdominal  aorta,  close  to  the  coeliac  artery 
and  after  passing  upwards  through  the  oesophageal  opening  in  the  diaphragm  divided 
into  two  branches,  which  were  distributed  to  the  lungs  near  their  bases.  (Referred  to 
by  R.  Quain  in  his  work  "  On  the  Arteries,"  p.  416.) 


A.— VISCERAL  BRANCHES  OF  THE  ABDOMINAL  AORTA. 

1.    CELIAC  ARTERY  OR  AXIS. 

The  etdiao  artery,  a  short  and  wide  vessel,  arises  from  the  aorta  close 
to  the  margin  of  the  diaphragm.  It  is  directed  forwards  nearly  horizon- 
tally, and  is  not  more  than  half  an  inch  long  It  is  behind _  the  small 
omentum,  and  lies  close  to  the  left  side  of  the  lobulus  Spigeln  of  the  liver, 
and  above  the  pancreas,  the  two  semilunar  ganglia  being  contiguous  to  it, 
one  on  each  side.  This  artery  divides  into  three  branches,  viz.  the  coro- 
nary artery  of  the  stomach,  the  hepatic  and  the  splenic,  which  separate 
simultaneously  from  the  end  of  the  artery  like  radii  from  an  axis. 

Peculiarities  The  cazliac  axis  is  occasionally  partly  covered  at  its  origin  by  the 

superior  mesenteric  artery  close  to  their  origin. 

Fie  283  -The  Arteries  of  the  Stomach,  Liver,  and  Omentum 
°"  (from  Tiedemann).  i 

some  of  the  small  intestines  in  the  lower  part  of  tbe»M«eM,  V  cflel,a0 
abdominal  aorta,  below  the  root  o    the  ^^P^XSTSe  coronary  artery  of  tU 
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at  3'  as  proper  hepatic  artery  to  the  liver  ;  4,  superior  pyloric  artery  ;  4',  another  pyloric 
branch ;  5,  placed  on  the  main  trunk  of  the  vena  porta)  at  the  place  where  the  hepatic 
artery  and  ductus  communis  choledochus  are  in  front  of  it ;  5',  branches  of  the  vena 
porta?  in  the  transverse  fissure ;  6,  gastro-duodenal  artery  ;  6',  its  continuation  as  the 
right  gastro-epiploic ;  7,  on  the  left  crus  of  the  diaphragm,  the  splenic  artery ;  8,  its 
left  gastro-epiploic  branch  proceeding  round  the  great  curvature  of  the  stomach  to  com- 
municate with  the  right  gastro-epiploic  artery ;  both  of  these  vessels  are  seen  giving  long 
epiploic  as  well  as  gastric  branches. 

Fig.  283. 


visceral  branches  derived  W  the  IZ      T*>  the  8mallest  6f  the 

the  left  side,  reaches  the  aSio^iW  5^7'  UpWards  and  to 

along  the  smaller  curvature  of  f-W       ,  /  stomach>  and  then  proceeding 

to  both  sides  of  that  vLcU8  Sfi^St  7  If  t0  ^  ^  h™^» 
hepatic  artery.  inosculates  with  the  pyloric  branch  of  the 

Where  it  first  reaches  the  stomach  thio 
which  anastomose  with  the  aortic  ces'ophLea \ZT      U^T'h  ^V^eal  branches, 

P  agCaI  artenes-         branches  to  the  stomach! 
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descending  on  the  fore  and  back  part  of  the  organ,  anastomose  with  branches  from 
the  arterial  arch  on  the  great  curvature. 

The  coronary  artery  of  the  stomach  is  sometimes  given  off  directly  from  the  aorta  : 
and  is  occasionally  replaced  by  two  separate  vessels.  It  sometimes  furnishes  an 
additional  hepatic  artery. 

2.  The  Hepatic  Artery  is  in  tbe  adult  intermediate  in  size  between  the 
coronary  and  splenic  arteries,  but,  in  the  foetus,  it  is  the  largest  of  tbe  three. 
The  main  part  of  this  vessel  inclines  upwards  and  to  the  right  side,  be- 
tween the  layers  of  the  small  omentum,  and  in  front  of  the  foramen  of 
Winslow,  towards  the  transverse  fissure  of  the  liver  ;  and  in  this  course  it 
lies  upon  the  vena  portse  and  to  the  left  of  the  bile  duct. 

Near  the  transverse  fissure  of  the  liver,  the  hepatic  artery  divides  into 
right  and  left  branches,  which  supply  the  corresponding  lobes  of  that  organ. 
The  left,  the  smaller  division,  lying  in  front  of  the  vena  portse,  diverges  at 
an  acute  angle  from  the  other  branch,  and  turns  outwards  to  reach  the  left 
extremity  of  the  transverse  fissure  of  the  liver,  where  it  enters  that  organ. 

The  right  hepatic  artery  inclines  outwards  to  the  right  extremity  of  the 
transverse  fissure,  and  divides  into  two  or  three  branches  before  entering 
the  liver.  The  ramifications  of  the  hepatic  artery  in  the  liver  accompany 
the  divisions  of  the  venfe  portaa  and  hepatic  ducts. 

Branches.— The  named  branches  of  the  hepatic  artery  are  as  follow  : — 

(a)  The  pyloric  artery,  coming  in  contact  with  the  stomach  at  the  upper 
border  of  the  pylorus,  extends  from  right  to  left  along  the  smaller  curvature 
and  inosculates  with  the  coronary  artery.  It  is  sometimes  a  branch  of  the 
gastro-duodenal.  . 

(b)  The  gastro-duodenal  artery,  of  considerable  size,  separating  irom.  the 
hepatic  artery  before  that  vessel  ascends  in  the  small  omentum,  descends 
behind  the  duodenum,  near  the  pylorus,  and  reaches  the  lower  border  of 
the  stomach  ;  there  it  gives  off  the  pancreatico-duodenal  branch,  and  its 
remaining  part,  which  receives  the  name  of  right  gastroepiploic  rims  from 
rieht  to  left  along  the  great  curvature  of  the  stomach,  between  the  layers  ot 
the  great  omentum,  and  finally  inosculates  with  the  left  gastroepiploic 
derived  from  the  splenic  artery. 

The  gastroepiploic  artery  gives  branches  upwards  to  both  surfaces  of  the  stomach, 
and  lomr  slender  vessels  downwards  to  the  omentum.  „j„„„m 

^Tpana-eatico-duodenal  branch  descends  along  the  inner  margin  of  the  duodenmn, 
between  it  and  the  pancreas,  and,  after  furnishing  several  branches  to  both  these 
organs,  anastomoses  with  a  small  offset  of  the  superior  mesenteric  artery. 

(c)  The  eyifia  artery,  given  off  by  the  right  hepatic  when  crossing  behind 
the  cystic  duct,  turns  upwards  and  forwards  upon  the  neck  of  the  gall- 
bladder, and  divides  into  two  smaller  branches,  of  which  one  ramifie, 
between  the  coats  on  the  depending  surface,  the  other  between  the  bladde, 
and  the  river. 

Peculiarities.  The  hepatic  artery  sometimes  arises  from  the. mperioi !J*~**4 
artery  or  from  the  aorta  itself.  Accessory  hepatic  arteries  are  often  met  wth,™W 
coming  from  the  coronary  artery  of  the  stomach.  The  hepatic  artery  has  been  found 
to  furnish  a  phrenic  branch. 

3  The  Splenic  Artery,  in  the  adult  the  largest  branch  of  the  cceliaj 
artery  supplies  the  spleen,  and  in  part  the  stomach  and  pancreas  Jt  » 
Ti  Sd  horizontally  towards  the  left  side.  Waving  and  often  tortus  J 
Its  course,  it  passes,  together  with  the  splenic  vein  which  is  below  it,  behind 
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the  upper  border  of  the  pancreas,  and  divides  near  the  spleen  into  several 
branches.  The  largest  of  these  enter  the  fissure  in  that  organ,  and  are  dis- 
tributed to  its  substance  ;  three  or  four  are  reflected  towards  the  bulging 
end  of  the  stomach,  upon  which  they  ramify. 

Fig.  284. 


FiR.  284.- 


-The  Arteries  op  the  Stomaoh,  Duodenum,  Panoheas,  and  Spleen 
(from  Tiedemann).  \ 


The  stomach  and  liver  are  turned  upwards  so  as  to  show  their  lower  surface  The 
iejw^  I*  ed  ?.*  its  comraencement.  a,  lower  surface  of  the  right  lobe  of  the  liver  ■ 
6,  left  lobe;  c  cardiac  orifice  of  the  stomach  ;  d,  pylorus;  e,  first  part,  /,  seconder 
descending  part,  and  g,  third  or  lower  part  of  the  duodenum  ;  h,  commencement  of  the 
jejunum  emerging  from  behind  the  superior  mesenteric  artery;  i,  the  head,  and  h  the 
irl  t      TC1'eaS     Vth6  Sp'een;  l>  *•  riSht  and  left  inferior  phrenic  art  ries  passing 

cceliac  ax.s    S,  3 ,  the  coronary  artery ;  4,  common  hepatic  ;  4',  proper  hepatic  artery  ■ 

4  ,  cystic  branch  ;  5.  gastro-duodenal  giving  the  inferior  pyloric  ;  5,  on  the  great  cu n a' 
ZtJ  r  8tomac\th.e  rifht  gastro-epiploic;  6,  pancreaticoduodenal ;  7,  comn  on 
splenic  ;  7   proper  splenic ;  7",  one  of  the  vasa  brevia  to  the  stomach  ;  8  8    eft  ^0 
epiploic  artery  uniting  with  the  right  on  the  great  curvature  of  the  stomach  •  9  trunk  of 

5  KEEKS?  art6ry'  ^  a  Sml1  Wh  ^i-thepancrSi^oiSnalf 

Branches.— (a)  Pancreatic  branches,  variable  in  size  and  number  are 
given  off  whdst  the  artery  is  passing  along  the  pancreas,  the  mkld  e'  and 
left  part  of  which  they  supply  with  vessels.  One  of  larger  size  not  unfr7 
quen  ly  runs  from  left  to  right  in  the  direction  of  the  p&ancreatic  duct  ld 
is  called  pancreatica  magna.  F  c  auct>  and 

+W  Jhfi  SpknichT™chGS  **>  proper  terminal  branches  of  the  arterv  • 
ramify  within  that  organ  m  ^  C°nCaVe  8Urface>  a^ 

ber(?  S       JrS  tsa  tr**  vary  from  fi™  to  seven  in  — 

splenic  artery,  others  fl0)n  tf\  ?  \'  f  ^  1SSUi"g  fr0m  the  tru»k  of  the 
tLity  rftiJ^^  ™^^?1.  b™<*^  ^ey  reach  the  left  ex- 
communicating with  a;^Jr^d;anVpreai1io"t  between  tlie  coats' 

0  uC  coronary  and  left  gastro-epiploic  arteries. 

e  e 
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(d)  The  left  gash-o-epiploic  artery  runs  from  left  to  right  along  the  great 
curvature  of  the  stomach,  supplying  branches  to  both  surfaces  of  the 
stomach  and  to  the  omentum  on  the  left  side,  and  inosculates  with  the 
right  gastro-epiploic  branch  from  the  hepatic  artery. 

II.    SUPERIOR  MESENTERIC  ARTERY. 

The  superior  mesenteric,  an  artery  of  large  size,  supplies  the  whole  of  the 
small  intestine  beyond  the  duodenum,  and  half  of  the  great  intestine.  It 
arises  from  the  fore  part  of  the  aorta,  a  little  below  the  cceliac  artery.  For 
a  short  space  this  artery  is  covered  by  the  pancreas  ;  on  emerging  from 
below  that  gland  it  descends  in  front  of  the  duodenum  near  the  end,  and  is 
thence  continued  between  the  layers  of  the  mesentery.    The  splenic  vein 
crosses  over  its  root.    In  the  mesentery  the  artery  at  first  passes  downwards 
and  to  the  left  side,  but  afterwards  turns  towards  the  right  iliac  fossa, 
opposite  to  which  it  inosculates  with  its  own  ileo-colic  branch. 

Branches.— (a)  The  inferior  pancreatico-duodenal,  given  off  under  cover 
of  the  pancreas,  runs  along  the  concave  border  of  the  duodenum,  and  joins 
with  the  pancreatico-duodenal  artery. 

(6)  The  rami  intestini  tenuis,  or  iutestinal  branches,  supplying  the  jejunum 
and  ileum,  spring  from  the  convex  or  left  side  of  the  vessel.     They  are 
usually  twelve  or  more  in  number,  and  are  all  included  between  the  layers 
of  the  mesentery.     They  run  parallel  to  one  another  for  some  distance, 
and  then  divide  into  two  branches,  each  of  which  forms  an  arch  with  the 
neighbouring  branch.    From-  the  first  set  of  arches  other  branches  issue, 
which  divide  and  communicate  in  the  same  way,  until  finally,  after  forming 
four  or  five  such  tiers  of  arches,  each  smaller  than  the  other,  the  ultimate 
divisions  of  the  vessels  proceed  directly  to  the  intestine,  spreading  upon 
both  sides,  and  ramifying  in  its  coats. 

(c)  The  colic  branches  arise  from  the  right  or  concave  side  of  the  artery, 
and  are  three  in  number.  .  .... 

1.  The  ileo-colic  artery,  the  first  in  order  from  below  upwards,  inclines 
downwards  and  to  the  right  side,  towards  the  ileo-colic  valve,  near  which  it 
divides  into  two  branches  :  one  of  these  descends  to  inosculate  with  the 
termiuation  of  the  mesenteric  artery  itself,  and  to  form  an  arch  from  the 
convexity  of  which  branches  proceed  to  supply  the  junction  of  the  small 
with  the  large  intestine,  and  the  caecum  and  its  appendix  ;  the  other  divi- 
sion ascends  and  inosculates  with  the  next  mentioned  branch  The  ileo- 
colic artery  is  not  always  distinct  from  the  termination  of  the  superior 

mesenteric  ^  ^  transversely  towards  the  right  side, 

beneath  the  peritoneum,  to  the  middle  of  .the  ascending  colon,  opposite ,  to 
which  it  divides  into  two  branches,  of  which  one  descends  to  co-m— 
with  the  ileo-colic  artery,  whilst  the  other  ascends  to  jam  m  an  arch l  with 
the  middle  colic.    This  artery  and  the  ileo-colic  often  arise  by  a  common 

^3  kThe  middle  colic  artery  passes  upwards  between  the  layers  of  the 
meso-colon  towards  the  transverse  colon,  and  divides  m  a  manner  exact  y 
3a  to  that  of  the  vessels  just  noticed.  One  of  its  branches  uichnes  to 
Te  Zht  where  it  inosculates  with  the  preceding  vessel;  the  other  descend 

o  the°St  side,  and  maintains  a  ^  "^^^S^tt 
branch  derived  from  the  inferior  mesenteric  artery.  Fiom  the  arches  ot 
inoTculktion  thus  formed,  small  branches  pass  to  the  colon  for  the  supply  of 
its  coats. 
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Those  branches  of  the  superior  mesenteric  artery  which  supply  the  ascend- 

Fig.  285. 


Fig.  285.— The  Superior  Mesenteric  Artery,  and 

(from  Tiedemann).  | 


its  Branches 


thrown  towards  the  left  8Tde  a  tZ  U  1  aVtS/°,°t;  the  Sma11  ^tines  are 
part  before  it  passes  behind  the  suoerio™, ^  °f  * 16  duodenu^  5  the  lower 
the  commencement  5 the  iejLX  o  the  S^^T  rf  ™e  mesentery  ;  c, 
jejunum  and  ileum;  d,  the tuition of  I  •,  *  ™\,°f  the  mesentery ;  c',  «/,  the 
«ecum  ;  /,  the  verm  form  procesT  cr  hP  V  7  ,n  f*  ?aput  ™cam  culi  >  e> 
descending  colon  ;  *,  th?£nX  ■ -  \  tVZ  ^V^''  h'  the  Averse  arch ;  ,  the 
the  termination  of  that  veS  Sr'e  it  ?■  ^  T6™  me»ic  artery  ;  1', 

2,  2,  2,  2,  the  intestinal  Tranches  V  2' 2'  ™?  ™to  **™n1oh  of  th-e  ""-colic  artery 
small  pancreatico-duodenal  branch  oas'sin^  L'v  I  •*  -f^  >°°p8  m  the  mesentery  !  3, 
duodenal  j  4,  the  middle  colic branch  f  £«  l'J  "r  *1  WltVhe  branch  from  tbe  B"*™1 
the  branch  of  the  left  colic  of  the  inferior 'J  !  ■ Lbranch  l,assing  at  5'  to  unite  with 
ileo-colic  arteries  in  one  trunk  f  SZ  'r^V  6'  Lr'ght  blauch  '  7-  right  colic  and 
l>,  the  ileo-colic,  uniting  with  the  end  of  tV  '  U°'t,ng  by  *  loop  with  the  m,ddle  coli°  > 
6  wnn  me  end  of  the  superior  mesenteric  artery. 

e  e  2 
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ing  colon  have  a  layer  of  peritoneum  only  on  their  anterior  aspect  :  the 
others  lie  between  two  strata. 

The  superior  mesenteric  artery  is  occasionally  connected  at  its  origin  with  the 
cceliac  artery.    Not  unfrequently  it  furnishes  the  hepatic  artery. 


III.    INFERIOR  MESENTERIC  ARTERY. 

This  artery,  much  smaller  than  the  superior  mesenteric,  supplies  the  lower 
half  of  the  colon,  and  the  greater  part  of  the  rectum.  It  arises  from  the 
aorta,  between  an  inch  and  two  inches  above  the  bifurcation  of  that  trunk. 

The  inferior  mesenteric  artery  inclines  to  the  left  side  in  the  direction  of 
the  left  iliac  fossa,  from  which  point  it  descends  between  the  layers  of  the 
meso-rectum  into  the  pelvis,  and  under  the  name  of  "  superior  hamiorr- 
hoidal "  artery,  runs  down  behind  the  rectum.  It  lies  at  first  close  to  the 
aorta,  on  its  left  side,  and  then  crosses  over  the  left  common  iliac  artery. 

Branches.— (a).  The  left  colic  artery  is  directed  to  the  left  side  behind 
the  peritoneum,  and  across  the  left  kidney  to  reach  the  descending  colon. 
It  divides  into  two  branches,  and  forms  a  series  of  arches  in  the  same  way 
as  the  colic  vessels  of  the  opposite  side.  One  of  these  two  branches  passes 
upwards  along  the  colon,  ami  inosculates  with  the  descending  branch  of 
the  middle  colic  ;  whilst  the  other  descends  towards  the  sigmoid  flexure, 
and  anastomoses  with  the  sigmoid  artery. 

(6)  The  sigmoid  artery  runs  obliquely  downwards  to  the  sigmoid  flexure 
of  the  colon,  where  it  divides  into  branches  ;  some  of  which  incline  up- 
wards and  form  arches  with  the  preceding  vessel,  while  others  turn  down- 
wards to  the  rectum  and  anastomose  with  the  following  branch.  Instead  ot 
a  single  sigmoid  artery,  two  or  three  branches  are  sometimes  present 

(c)  The  superior  Iwemorrlwidal  artery,  the  continuation  of  the  inferior 
mesenteric,  passes  into  the  pelvis  behind  the  rectum,  at  first  in  the  meso- 
rectum,  and  then  divides  into  two  branches  which  extend  one  on  each  side 
of  the  intestine  towards  the  lower  end.  About  five  mches  from  the  anus 
these  subdivide  into  branches,  about  a  line  in  diameter  which  pn  the 
muscular  coat  two  inches  lower  down.  In  the  intestine,  these  arteries  about 
Zen  in  number,  and  placed  at  regular  distances  rom  each  other  descend 
between  the  mucous  and  muscular  coats  to  the  end  of  the  gut,  when ,  they 
communicate  in  loops  opposite  the  internal  sphincter  and  end  below  by 
anastomosing  with  the  middle  and  inferior  hemorrhoidal  arteries. 

Anastomoses  on  the  intestinal  tube. -The  arteries  ^SbM^ 
alimentary  canal  communicate  freely  with  each  other  over  the  whole length 
of  that  tube.  The  arteries  of  the  great  intestine  derived  from  the  two 
1  enleric  arteries,  form  a  range  of  vascular  arches  along  the  colon  and 
rectum,  at  the  lower  end  of  which  they  anastomose  with  the  middle  and 
SZr  hemorrhoidal  arteries,  given  from  the  internal  iliac  and  pudio 
Series  The  branches  from  the  left  side  of  the  superior  mesenteric  form 
another  series  of  arches  along  the  small  intestine,  which  is  connected  with 
Se  fo^m  by  the  ileo-colic  artery.  Farther,  a  branch  of  the  superior 
mesento  joins  upon  the  duodenum  with  the  pancreaticoduodenal  artery 
T^latter  at  its  commencement,  is  in  a  manner  continuous  with  the  pyloric 

flv  and  so  likewise,  through  the  coronary  artery  of  the  stomach  and  its 
"Si^g  brSches,  a  Similar  connection  is  formed  with  the  esophageal 
arteries,  even  up  to  the  pharynx. 
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Fie.  286. 


Fig.  2S0.-Thb  WI0R  M_  _  _bdiion  _ 

sidlX-S  «*7  «  turned  «s  the  right 

c  the  commencement  of  the  jejunum  the  s  ill  ?  ^  °Ut. 1  °'  *' duod<^  ; 
the  tra^verse  colon  ;  g,  the  desceSnglolo • T  b *  ^  MB!B9«  C°lon  '  f 
inent  of  the  rectum  ;  k,  the  pancreas  •  1  \S    ,  d  D,eXUre  ;  l>  the  commence- 

he  ongin  of  the  renal  arteries  ;T  0'n  tlxe  same  ^  " "  °/  ^  abdofuinal  »°rta  at 
1",  near  the  division  into  common  iliac  arteries    2  °f       lnferi°r  m^enteric  ; 

eft  colic  ;  3  ascending  branch  of  the  left  coUc  •  4  br  7  m!Se"terl?>  giving  off  first  the 
the  sigmoid  branch  ;  6,  the  superior 1  u  '• ,    brancbes  to  the  descending  colon  ;  5 

mesenteric  issuing  from  Jhffi,^^^1^.;  *  the  trunk  of  the  superior 
middle  colip  artery  j  l0,  it8  left  branch Z'inJ  T  °f  P  lntestinal  branches  ;  9,  the 
cohc ;  11,  its  right  branch  ;  12,  £ i  spermatk  lLrilT?      COmmunicatioQ  with  the  left 

Th«  S„nr  1IV'  °*  SUPRARENAL  ARTERIES. 

liie  suprarenal  or  capsular  art  * 
from  the  aorta  on  a  level  with  Th™  ^  tW°  V6,y  8ma11  vesseIs  ^idi  arise 

wlth  the  superior  mesenteric  artery,  and  incline 
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obliquely  outwarda  upon  the  crura  of  the  diaphragm  to  reach  the  supra- 
renal capsules,  to  which  bodies  they  are  distributed,  anastomosing  at  the 
same  time  with  the  other  capsular  branches  derived  from  the  phrenic  and 
tho  renal  arteries.    In  the  foetus  these  arteries  are  of  larger  size. 

V.    RENAL  OR  EMULGENT  ARTERIES. 

The  renal  arteries,  of  large  diameter  in  proportion  to  the  size  of  the 
organs  which  they  supply,  arise  from  the  sides  of  the  aorta,  about  half  an 
inch  below  the  superior  mesenteric  artery,  that  of  the  right  side  being 
rather  lower  down  than  that  of  the, left.  Each  is  directed  outwards,  so  as 
to  form  nearly  a  right  angle  with  the  aorta.  In  consequence  of  the  position 
of  the  aorta  upon  the  spine,  the  right  renal  artery  has  to  run  a  somewhat 
longer  course  than  the  left,  in  order  to  reach  the  kidney.  The  artery 
of  the  right  side  crosses  behind  the  vena  cava,  and  both  right  and  left 
arteries  are  overlapped  by  the  accompanying  renal  veins.  Previously  to 
reaching  the  concave  border  of  the  kidney,  each  artery  divides  into  four  or 
five  branches,  the  greater  number  of  which  usually  lie  intermediate  between 
the  vein  in  front  and  the  pelvis  of  the  kidney  behind.  These  branches, 
after  having  passed  deeply  into  the  fissure  of  the  kidney,  subdivide  and  are 
distributed  in  the  gland,  in  the  manner  described  in  the  account  of  the 
structure  of  that  organ. 

Branches. — The  renal  artery  furnishes  a  small  branch  to  the  suprarenal 
capsule,  a  second  to  the  ureter,  and  several  others  which  ramify  in  the  con- 
nective tissue  and  fat  behind  the  kidney. 

Peculiarities.— The  renal  artery  may  be  replaced  by  two,  three,  four,  or  even  five 
branches  ;  and  the  greatest  difference  as  to  the  origin  of  these  vessels  is  found  to  exist 
even  on  opposite  sides  of  the  same  body.  As  they  usually  arise  in  succession  from 
the  aorta  itself,  it  would  seem  as  if  the  deviation  were  merely  a  degree  beyond  that 
in  which  the  single  artery  divides  into  branches  sooner  than  usual  after  its  origin. 
In  some  cases  a  renal  artery  has  been  seen  to  proceed  from  the  common  iliac ;  and  in 
one  case,  described  by  Eustachius,  from  the  internal  iliac.  Portal  found  in  one 
'instance  the  right  and  left  renal  arteries  arising  by  a  common  trunk  from  the  fore  part 
of  the  aorta.  In  another  case,  one  of  several  arteries  arose  from  the  front  of  the  aorta 
at  its  bifurcation  ;  or  from  the  left  common  iliac  at  its  origin. 

The  branches  of  the  renal  artery,  instead  of  entering  at  the  hilus,  may  reach  and 
penetrate  the  gland  near  its  upper  end,  or  on  its  anterior  surface.  Lastly,  cases  occur, 
though  very  rarely,  in  which  one  of  the  renal  arteries  is  wanting. 

VL    SPERMATIC  AND  OVARIAN  ARTERIES. 

The  spermatic  arteries,  two  small  and  very  long  vessels,  arise  close  toge- 
ther from  the  fore  part  of  the  aorta  a  little  below  the  renal  arteries.  Each 
artery  is  directed  downwards  and  outwards,  resting  on  the  psoas  muscle  ;  it 
crosses  obliquely  the  ureter  and,  afterwards,  the  external  ihac  artery,  and 
turns  forward  to  the  internal  abdominal  ring.  There  it  comes  m  contact 
with  the  vas  deferens,  and,  separating  from  the  peritoneum,  passes  with  the 
other  constituents  of  the  spermatic  cord  along  the  inguinal  canal,  and 
descends  to  the  scrotum,  where  it  becomes  tortuous,  and  reaching  the  back 
part  of  the  testis  anastomoses  with  the  artery  of  the  vas  deferens,  and  Dually 
divides  into  branches  which  pierce  the  fibrous  capsule  of  the  testis. 

Fi».   287.— View  of  tub  Abdominal  Aorta  and  its  Principal  Branches 

(from  Tiedemann).  \ 

For  the  detailed  description  of  this  figure  see  p.  404 ;  6,  renal  arteries  ;  6', .  6', 
suprarenal  £S£  arising  from  the  aorta  ;  other  suprarenal  arteries  are  seen  proceeding 


SPERMATIC  AND  OVARIAN  ARTERIES. 
Fig.  237. 
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from  the  inferior  phrenic ;  7,  placed  on  the  abdominal  aorta  below  the  origin  of  the  spermatic 
arteries  ;  7,  7  ,  lower  down  the  same  arteries  descending  on  the  psoas  muscles  and  cross- 
ing the  ureters,  that  on  the  left  side  entering  the  internal  inguinal  aperture  along  with 
the  vas  deferens  (,};  8  inferior  mesenteric  artery;  9,  lumbar  arteries;  9',  the  lowest 
lumbar  artery  rising  in  this  metance  from  the  middle  sacral  (1') ;  10,  10',  right  and  left 
common  iliac  arteries;  11,  11  placed  between  the  external  and  internal  iliac  arteries 
on  each  side  ;  12,  left  ep.gastric  artery  ;  13,  circumflex  iliac  arterv. 
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In  the  female,  the  ovarian  arteries,  corresponding  to  the  spermatic  arteries 
in  the  male,  are  shorter  than  these  vessels,  and  do  not  pass  out  of  the  abdo- 
minal cavity.  The  origin,  direction,  and  connections  of  the  ovarian  artery 
in  the  first  part  of  its  course  are  the  same  as  in  the  male  ;  but  at  the 
margin  of  the  pelvis  it  inclines  inwards,  and  running  tortuously  between 
the  layers  of  the  broad  ligament  of  the  uterus,  is  guided  to  the  attached 
margin  of  the  ovary,  which  it  supplies  with  -branches.  Some  small  offsets 
can  be  also  traced  along  the  round  ligament  into  the  inguinal  canal,  and 
others  along  the  Fallopian  tube  :  one,  continuing  inwards  towards  the 
uterus,  joins  with  the  uterine  artery. 

In  the  young  foetus  the  spermatic  and  ovarian  arteries  are  short,  as  the  testes  and 
ovaries  are  at  first  placed  close  to  the  kidneys,  but  the  arteries  become  lengthened  as 
these  organs  descend  to  their  ultimate  positions.  * 

Peculiarities. — The  spermatic  arteries  occasionally  arise  by  a  common  trunk. 
Two  spermatic  arteries  are  not  unfrequently  met  with  on  one  side ;  both  of  these 
usually  arise  from  the  aorta,  though  sometimes  one  is  a  branch  from  the  renal  artery. 
A  case  has  occurred  of  three  arteries  on  one  side,— two  from  the  aorta  and  the  third 
from  the  renal. 


B. — PARIETAL  BRANCHES  OF  THE  ABDOMINAL  AORTA. 

I.    INFERIOR  PHRENIC  ARTERIES. 

The  phrenic  arteries  are  two  small  vessels,  which  spring  from  the  aorta 
close  together  on  a  level  with  the  under  surface  of  the  diaphragm.  These 
arteries  are,  however,  somewhat  irregular  in  their  origin.  When  they  arise 
separately  from  each  other,  which  is  by  no  means  a  constant  arrangement, 
one  is  frequently  derived  from  the  cceliac  artery  close  to  the  origin,  and  the 
other  from  the  aorta  immediately  above.  They  soon  diverge  from  each 
other,  and  passing  across  the  crura  of  the  diaphragm,  incline  upwards  and 
outwards  upon  its  under  surface  ;  the  artery  of  the  left  side  passing  behind 
the  oesophagus,  whilst  that  of  the  right  side  passes  behind  the  vena  cava. 
Before  reaching  the  central  tendon  of  the  diaphragm,  each  of  the  arteries 
divides  into  two  branches,  of  which  one  runs  forwards  towards  the  anterior 
margin  of  the  thorax,  and  anastomoses  with  the  musculophrenic  branch  of 
the  internal  mammary  artery,  while  the  other  pursues  a  transverse  direction 
towards  the  side  of  the  thorax,  and  communicates  with  the  terminations  of 
the  intercostal  arteries. 

Branches. -Each  phrenic  artery  gives  small  branches  (superior  capsular)  to  the 
suprarenal  capsule  of  its  own  side;  the  left  artery  sends  some  branches  to  t  e 
oesophagus,  whilst  the  artery  of  the  right  side  gives  off  small  vessels  which  reach  the 
termination  of  the  vena  cava.    Small  offsets  descend  to  the  liver  between  the  layers 

^PEOTiiAMTiBriThe  phrenic  arteries  are  found  to  vary  greatly  in  their  mode  of 
origin,  hut  these  deviations  seem  to  have  little  influence  on  their  course  and  dis- 
tribution.   In  the  first  place  they  may  arise  either  separately,  or  by  a  common  trunk 
and  it  would  appear  that  the  latter  mode  of  or.gin  is  nearly  as  frequent  as  the 

f°  When  the  two  arteries  are  joined  at  their  origin,  the  common  trunk  arises  most 
frequently  from  the  aorta ;  though,  sometimes,  it  springs  from  the  coe hac  axis. 

When  arising  separately,  the  phrenic  arteries  are  given  off  sometimes  from  the 
aorta  mor frequently  from  the  coeliac  axis,  and  occasionally  from  the  renal;  but  it 
mo  t'commonW  happens  that  the  artery  of  the  right  side  is  derived  from  one  and 
Sat  of  The  left  side  from  another  of  these  sources.  An  additional  phrenic  artery 
(derived  from  the  left  hepatic)  has  been  met  with. 
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'In  only  one  out  of  thirty -six  cases  observed  by  R.  Quain  did  the  phrenic  arteries 
arise  in  the  mode  ordinarily  described ;  viz.,  as  two  separate  vessels  from  the  ab- 
dominal aorta.    (Op.  cit.  p.  417.) 

II.   LUMBAR  ARTERIES. 

The  lumbar  arteries  resemble  the  intercostal  arteries,  not  only  in  their 
mode  of  origin,  but  also  in  a  great  measure  in  the  manner  of  their  distribu- 
tion. They  arise  from  the  back  part  of  the  aorta,  and  are  usually  four  in 
number  on  each  side.  They  pass  outwards,  each  resting  on  the  body  of  the 
corresponding  lumbar  vertebra,  from  the  first  to  the  fourth,  and  soon  dip 
deeply  under  the  psoas  muscle.  The  two  upper  arteries  are  likewise  under 
the  pillars  of  the  diaphragm ;  and  those  on  the  right  side  are  covered  by  the 
vena  cava.  At  the  interval  between  the  transverse  processes,  each  lumbar 
artery  divides  into  a  dorsal  and  an  abdominal  branch. 

Branches,  (a)  The  abdominal  branch  of  each  lumbar  artery  runs  outwards 
behind  the  quadratus  lumborum,— the  lowest  of  these  branches  not  unfrequently  in 
front  of  that  muscle.  Continuing  outwards  between  the  abdominal  muscles,  the  artery 
ramifies  in  their  substance,  and  maintains  communications  with  branches  of  the 
epigastric  and  internal  mammary  in  front,  with  the  terminal  branches  of  the  inter- 
costals  above,  and  with  those  of  the  ilio-lumbar  and  circumflex  iliac  arteries  below. 

(b)  The  dorsal  branch  of  each  lumbar  artery,  like  the  corresponding  branch  of  the 
intercostal  arteries,  gives  off,  immediately  after  its  origin,  an  offset,  named  spinal, 
which  enters  the  spinal  canal.  The  dorsal  branch  then,  proceeding  backwards  with 
the  posterior  primary  branch  of  the  corresponding  lumbar  nerve  between  the  trans- 
verse processes  of  the  vertebrae,  divides  into  smaller  vessels,  which  are  distributed  to 
the  muscles  and  integuments  of  the  back. 

(c)  The  spinal  branch  enters  the  spinal  canal  through  the  intervertebral  foramen 
and,  having  given  an  offset  which  runs  along  the  nerves  to  the  dura  mater  and  cauda 
equina,  it  communicates  with  the  other  spinal  arteries,  and  divides  into  two  branches 
which  are  distributed  to  the  bones  in  the  following  manner  :-one  curves  upwards  on 
the  back  part  of  the  body  of  the  vertebra  above,  near  to  the  root  of  the  pedicle 
whilst  the  other  descends  in  a  similar  manner  on  the  vertebra  below;  and  each  com- 
municates with  a  corresponding  branch  from  the  neighbouring  spinal  artery  As 
tins  arrangement  prevails  on  both  sides  and  throughout  the  whole  length  of  the  spine 
there  is  formed  a  double  series  of  arterial  arches  behind  the  bodies  of  the  vertebrae' 
the  convexities  of  which  are  turned  towards  each  other.    From  the  arches  on  opposite 

vi!l     w  I"!  inuV'ard8  at  interVals  t0  reinforce  a  medi^  longitudinal 

vessel,  which  extends  along  the  spine  like  the  single  artery  on  the  front  of  the  spinal 

^v^^eT  m°re0Ver  JOiDed  t0gCthGr  aCr0SS  the  b0diGS  0f  the  vertebr*  ^ 

^Z^^tXZS  °f  VeSSelS'  QUmer0U8  ramificati0DS  are  ^ributedtothe 
PKouLiARiTiES.-The  lumbar  arteries  of  opposite  sides,  instead  of  taking  their 
origin  separately  from  the  aorta,  occasionally  commence  by  a  common  trunk  wlu e 
branches  pass  out  laterally,  and  continue  their  course  in  the  Zinary  wav  Two 
arteries  of  the  same  side  are  sometimes  conjoined  at  their  origin.    On  the  last  iumb.r 

^  Jt^KSio1?"^  art6ryiS  °ften  Ukea  b^  branch  fl\t  Sd" 
amongst  S  muscles!       ^  for  the  absence  of  the  lumbar  vessel 

MINUTE  ANASTOMOSES  OF  THE  VISPFWAr    at™  d»„tt, 

xa.*,  VISCERAL  AND  PARIETAL  BRANCHES  OF 

THE  ABDOMINAL  AORTA 

"JZgSi  IZZT^Z?^  °f  *  «  inches  of  the 

several  anatomists,  and  various  examnW  I .     i         CaVlty  haS  been  rcco£?™ed  by 

tion.    These  communications  havT n £ J?**  *  the  P™io-  deseri/- 

nature  elucidated  by  W.  Turner  in  a  soH^.f         °re  dlstinctlv  Pr°ved  and  their 

view  to  their  detection.    («  Brit  and  F0   Me,  mad!  * 

V  one.  ana  i0l.  Med.  Uhirug.  Review,"  July,  1863.) 
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These  anastomoses  constitute  a  well-marked  vascular  plexus,  situated  in  the  sub- 
peritoneal tissue,  whence  Turner  proposes  to  call  them  the  subperitoneal  arterial 
plexus.  It  occupies  the  lumbar  region  from  the  diaphragm  downwards  into  the  iliac 
regions  and  pelvis,  and  establishes  communication  between  the  parietal  vessels  and 
those  of  the  viscera,  chiefly,  though  not  exclusively,  through  branches  of  the  arteries 
of  those  viscera  which  are  situated  behind  the  peritoneum.  It  belongs  to  the  renal 
and  suprarenal  arteries,  those  of  the  pancreas  and  duodenum,  the  caecum,  and  the 
ascending  and  descending  parts  of  the  colon.  It  extends  also  to  the  vessels  of  the 
rectum,  and  to  the  spermatic  arteries  in  their  descent  through  the  abdomen,  and  into 
the  inguinal  canal  and  scrotum. 

In  all  these  situations  it  was  found  that  the  injected  material  (coloured  gelatine) 
when  thrown  into  the  vessels  of  the  viscus,  so  as  to  fill  them  completely,  extended 
through  the  subperitoneal  plexus  in  various  ways,  so  as  to  reach  one  or  other  set  of 
parietal  vessels,  such  as  the  lumbar,  ilio-lumbar,  circumflex  iliac,  lower  intercostal 
and  epigastric  arteries  ;  and  in  the  pelvis,  the  middle  and  lateral  sacral  arteries  ;  and 
in  the  scrotum,  the  superficial  pudic  and  perineal  arteries. 

The  more  direct  inosculations  of  the  hajmorrhoidal  arteries  on  the  rectum  with  the 
inferior  hsemorrhoidal  branches  of  the  pudic  artery  are  well  known,  and  the  importance 
of  these  and  other  similar  anastomoses,  as  well  as  the  more  extensive  and  minute 
anastomosing  plexus  investigated  by  Turner,  is  obvious,  with  reference  not  merely  to 
the  nutrition  of  the  subperitoneal  tissue,  but  also  to  the  debated  question  of  the 
influence  exerted  by  local  superficial  blood-letting  on  the  state  of  the  vessels  of  the 
deeper  viscera. 

HI.    MIDDLE  SACRAL  ARTERY. 

The  middle  sacral  artery,  the  last  of  the  branches  of  the  abdominal  aorta, 
is  a  small  vessel  of  about  the  eize  of  a  crowquill,  which  arises  from  the 
extremity  of  the  aorta  just  at  the  bifurcation.  From  this  point  the ,  artery 
proceeds  downwards  upon  the  last  lumbar  vertebra  and  over  the  middle  of 
the  sacrum,  as  far  as  the  coccyx,  where  it  forms  small  arches  of  anastomosis 
with  the  lateral  sacral  arteries. 

Branches. — From  its  anterior  surface  some  small  branches  come  forward  within 
the  ndS  of  themeso-rectum,  and  ramify  upon  the  posterior  surface  of  he  intestine ; 
Ind  on  each  side  others  spread  out  upon  the  sacrum,  and  anastomose  wUh  be  lateral 
sacral  arteries,  occasionally  sending  small  offsets  into  the  anterior  sacral  f^amma 

The  middle  sacral  artery  sometimes  deviates  a  little  to  the  s,de  and  proceeds,  not 
from  th™  bifurcation  of  tfc i  aorta,  but  from  one  of  the  common  d.ac  artenes  usually 
from  that  of  the  left  side.  This  artery  represents  the  caudal  prolongation  of  the  aorta 
of  animals. 


COMMON  ILIAC  ARTERIES. 

The  common  iliac  arteries,  commencing  at  the  bifurcation  of  the  aorta^ 
pass  downwards  and  outwards,  diverging  from  each  other,  and  divide  oppo- 
sTthe  lumbo-sacral  articulation  into  the  internal  and  external  ihac  artenes. 

The  common  iliac  arteries  measure  usually  about  two  inches  in  length 
Both  are  covered  by  the  peritoneum  and  the  intestines,  and  are  crossed  by 
the  ureters  near  their  point  of  division,  as  well  as  by  the  branches  of  the 
sympathetic  nerve  which  are  directed  towards  the  hypogastric  plexus. 
They  rest  on  the  bodies  of  the  vertebra,  and  come  into  contact  with  the 

PS  TLTommon  iliac  artery  of  the  right  side  is  separated  from  the  front  of 
the  last  lumbar  vertebra,  the  two  common  iliac  veins  being  interposed,  im 
artery  of  the  left  side  is  crossed  by  the  branches  of  the  inferior  mesenteric 

^Motion  to  Veins—The  left  iliac  vein,  supported  on  the  last  lumbar 
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vertebra,  lies  to  the  inner  side  of,  and  below  tbe  left  artery.  On  the  right 
side  there  are  three  veins  in  proximity  to  the  artery  ;  the  right  iliac  vein 
lying  behind  the  lower  part  of  the  vessel,  the  left  iliac  vein  crossing  behind 
it,  and  the  vena  cava  resulting  from  the  nnion  of  the  two  others  being  on 
the  right  side  of  the  artory  at  the  upper  end. 

Peculiarities. — The  place  of  origin  of  the  common  iliac  arteries  coincides  with  that 
of  the  bifurcation  of  the  aorta  (p.  406). 


Fig.  288. 


Fig.  288.— View  op 

THE   RIQnT  SIDE  OP 

a  Male  Pelvis  dis- 
sected to  show 
the  external  and 
internal  Iliac  Ar- 
teries AND  THEIR 
BRANCHES.  J 

The  viscera  of  the 
pelvis  have  been  r&- 
moved  as  well  as  the 
internal  iliac  veins:  the 
larger  nerves  have  been 
retained,  «,  body  of 
the  fifth  lumbar  ver- 
tebra ;  b,  anterior  and 
superior  spine  of  the 
right  ilium  ;  c,  left 
auricular  surface  of 
the  sacrum ;  c',  third 
piece  of  the  saeram  ; 
d,  first  piece  of  the 
coccyx;  e,  short  sacro- 
sciatic  ligament ;  /, 
tuberosity  of  the  is- 
chium covered  inter- 
nally by  tbe  great 
sacro-sciatic  ligament ; 
g,  obturator  foramen ; 
?',  iliac  us  muscle;  1, 
lower  part  of  the  ab- 
domiual  aorta ;  1', 
middle  sacral  artery; 
2,  2,  common  iliac  ar- 
teries ;  2',  right  exter- 
nal iliac  ;  3,  lower 
part  of  the  vena  cava 

iuSu:i.LVtry?4'  "SsSsijf  ?rher  on  «the  w po!nts  * a  une  *»  «»  «*• 

trunk,  points  to  the'poste £ SJ^rf'M'  '|P  ?  the.ilio']^  "«~» 
5',  ilio-lumbar  artery ;  5*  Ttol  ^?Vt  -n 1  ^  artery  giving  off  the  6,uteal  5 
sacral  foramina;  6,  onthJ  ^  artery  with  branches  passing  into  the  anterior^ 

sciatic  artery  coming  from  the  1  erio r  *  (!msl™  °f  ^  ^  ™Cml  nerTC'  P°ints  to  the 
the  same  artery  p£«S™  behiSS  «^'»»«n  of  the  ^ternal  iliac  ;  7,  pudic  artery  ;  7', 
ischium  and  obturator  int™ mull?  ^ischium,  and  proceeding  within  the 

perimeum;  towards  //iS™P  KorrW?B.Tied,  by  *he  P"dic  nerve  towards  the 
perineal  artery  and  nerve;  8  nypoSSS  l«  Ranches  are  given  off;  7",  superficial 
umbilical  artery  cut  short,  and  8^S5«P  KW'th,tbe  obliterated  remains  of  tho 

artery  with  the  corresponding  leZ^Z™™ ^cheB  ^  from  it;  9,  obturator 
with  descending  twigs  of  the  eni«istrir.  „ Z  '  i  ,  pub,c  twlgs  which  anastomose 
one  of  them,  the  aberrant  oblnrnto^rterv  nS^'  wh'ch'  by  the  element  of 

hemorrhoidal  vessels  rising  in  Ss  illten^  f  X  V10'  mfetiot  vesioal  5  "»  ™^ 

to  the  inside  of  +,  +  ,  the  to  12>  epigastric  artery 'winding 

14,  spermatic  artery  and  vein  divid  c"  s'lrior ^   iV^- 5  ^  CirC"mflex  nhc 
proceeding  to  anastomose  with  the  circumflex  iHac  *  ilio-lumbar  artery 


420 


INTERNAL  ILIAC  ARTERY. 


The  place  of  division  of  these  arteries  is  subject  to  great  variety.  Tn  two  thirds  of 
a  large  number  of  cases,  it  ranged  between  the  middle  of  the  last  lumbar  vertebra  and 
the  upper  margin  of  the  sacrum ;  in  one  case  out  of  eight  it  was  above,  and  in  one 
case  out  of  six  it  was  below  that  space.  Most  frequently  the  left  artery  was  found  to 
divide  lower  down  than  the  right.    (R.  Quain.) 

The  length  varies  in  most  instances  between  an  inch  and  a  half  and  three  inches, 
but  it  has  been  seen  in  some  rare  cases  less  than  half  an  inch,  and  as  long  as  four 
inches  and  a  half.  In  one  instance,  recorded  by  Cruveilhier,  ("Anat.  descript." 
v.  iii.  p.  186,)  the  right  common  iliac  artery  was  wanting,  and  the  internal  and 
external  vessels  of  that  side  arose  as  distinct  branches  from  the  aorta. 

Branches. — The  common  iliac  artery  often  gives  off  a  small  unnamed  branch  to  the 
lymphatic  glands,  the  ureter  or  the  psoas  muscle,  and  sometimes  even  a  larger  branch 
— a  renal  artery,  a  lumbar,  or  the  ilio-lumbar. 


INTERNAL  ILIAC  ARTERY. 

The  internal  iliac  artery  (hypogastrica,  pelvica)  extends  from  the  bifurca- 
tion of  the  common  iliac  artery  towards  the  sacro-sciatic  foramen,  near 
which  it  divides  into  branches.  It  is  usually  about  an  inch  and  a  half  in 
length,  and  is  smaller  than  the  external  iliac  in  the  adult,  but  the  reverse 
in  the  foetus.  At  its  origin,  the  artery  lies  near  the  inner  border  of  the 
psoas  muscle  ;  lower  down,  it  rests  against  part  of  the  pyriform  muscle. 
Behind  it  are  situated  the  internal  iliac  vein,  and  the  communicating  branch 
which  passes  from  the  lumbar  to  the  sacral  plexus  of  nerves  :  in  front  it  is 
crossed  by  the  ureter,  which  separates  it  from  the  peritoneum. 

Branches. — The  branches  of  the  internal  iliac  artery,  though  constant, 
and  regular  in  their  general  distribution,  vary  much  in  their  origin.  They 
arise,  in  most  instances,  from  two  principal  divisions  of  the  parent  trunk, 
of  which  one  is  anterior  to  the  other.  From  the  anterior  division  arise  the 
superior  vesical  (connected  with  the  pervious  portion  of  the  fetal  hypo- 
gastric artery),  the  inferior  vesical,  middle  hemorrhoidal,  obturator,  internal 
pudic,  and  sciatic  arteries,  and  also,  in  the  female,  the  uterine  and  the 
vaginal  arteries.  The  posterior  division  gives  off  the  gluteal,  the  ilio-lumbar, 
and  the  lateral  sacral  arteries. 

Peculiarities.— Length.—  The  internal  iliac  artery  has  been  found  as  short  as 
half  an  inch,  and  sometimes  as  long  as  three  inches,  but  it  is  not  often  less  than  an 
inch  in  length.  An  instance  has  been  observed  in  which  this  vessel  was  absent,  and  its 
branches  were  derived  from  a  bend  of  the  external  iliac  artery  down  into  the  pelvis 
(Preparation  in  Univ.  Coll.  Mus.,  London).  The  lengths  of  the  common  iliac  and 
internal  iliac  arteries  bear  an  inverse  proportion  to  each  other— the  internal  iliac 
being  long  when  the  common  iliac  is  short,  and  vice  versa.  Moreover,  when  the 
common  iliac  is  short,  the  internal  iliac  (arising  higher  than  usual)  is  placed  for  some 
distance  above  the  brim  of  the  pelvis,  and  descends  by  the  side  of  the  external  iliac 

to  reach  that  cavity.  .    ,  , 

The^ace  of  division  of  the  internal  iliac  into  its  branches  varies  between  the  upper 

margin  of  the  sacrum  and  the  upper  border  of  the  sacro-sciatic  foramen. 

Branches— Sometimes  all  the  branches  of  the  internal  iliac  artery  arise  without  the 

previous  separation  of  that  vessel  into  two  portions. 

In  more  than  a  fourth  of  R.  Quain's  cases  a  branch,  corresponding  usually  to  the 

ilio-lumbar  artery,  arose  before  the  subdivision  of  the  main  trunk. 

Hypogastric  Artery.—  In  the  foetus,  the  internal  iliac  artery,  retaining 
almost  the  full  size  of  the  common  iliac,  curves  forwards  from  that  artery 
to  the  side  of  the  urinary  bladder,  and  ascends  on  the  anterior  wall  of  the 
abdomen  to  the  umbilicus.    There  the  vessels  of  opposite  sides  come  m 
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contact  with  one  another  and  with  the  umbilical  vein,  and  coiling  spirally 
round  that  vein  in  the  umbilical,  cord,  they  proceed  to  the  placenta.  To 
that  part  of  the  artery  which  is  placed  within  the  abdomen,  the  term  hypo- 
gastric is  applied;  the  remaining  portion,  passing  onwards  through  the 
umbilicus  to  the  placenta,  being  the  proper  umbilical  artery.    After  the 
cessation  of  the  placental  circulation  at  birth,  the  two  hypogastric  arteries 
become  impervious  from  the  side  of  the  bladder  upwards  to  the  umbilicus 
and  are  converted  into  fibrous  cords.      These  two  cords,  which  extend 
from  the  sides  of  the  bladder  to  behind  the  umbilicus,  being  shorter  than 
the  part  of  the  peritoneum  on  which  they  rest,  cause  a  fold  of  the  serous 
membrane  to  project  inwards;  and  thus  are  formed  two  fossfB  (fossaj  of  the 
peritoneum)  on  each  side  of  the  abdomen,  in  one  or  other  of  which  the  pro 
jection  of  a  direct  inguinal  hernia  takes  place.     The  part  of  the  artery 
intervening  between  the  origin  of  the  vessel  and  the  side  of  the  bladder 
remams  pervious,  although  proportionally  much  reduced  in  siae,  and  forms 
the  trunk  of  the  superior  vesical  artery. 


BRANCHES  OF  THE  INTERNAL  ILIAC  ARTERY. 

I.   VESICAL  ARTERIES. 

The  urinary  bladder  receives  several  arteries,  amongst  which  however 
Zl^:Zfy  reCOgDiSed  tW°  ******  a  an^an  inS 

h^rtlervtlb"4;?       V  ^  t,  that  part  of  the 

thTtSri      ^        6  ,f0etUS  Whlch  remains  Pervious  after  the  chants 

*v:^£z^?£  bi^r ds  from  the — dS 

b,adISeTIES--(a)  11  disMbuteS  numerous  *™*e.  *>  the  upper  part  and  sides  of  the 

that  duct  in  its  course  thw^S  1„    r       ,  ""J*8  deferens'  and  ^companies 
anastomoses  ^i^^S^^"1  COrd  t0  the  back  of  **  testicle,  where  it 
(c)  Other  small  branches  ramify  on  the  lower  end  of  the  ureter. 

•^SStaSSiS?  (TC°™^  derived  usually  from  the 

part  of  the  blaclde    wW  ^   ,     V*  do™ard»  *>  the  lower 

base  of  the  bladder  "oZ  «  ™ds™h™ch™  whi<*  are  distributed  to  the 

"ales.     One  offiet  ^o  be  nre  ffl    ,      ST?       ^  t0  the  VesicuI*  *emi- 
et,  to  be  presently  described,  descends  upon  the  rectum. 

The  branches  upon  the  nmsi,*„ 

with  the  corresponding  vcPsse  a  of  toTT*™?  °T  leM  free^  uPon  that  body 
the  perineal  arteries  likewise  °PP°8lte  8lde'  and'  hording  to  Haller,  with 

Small  twigs  of  this  vesspl 
deficient  pudic  arteries  and  in  instances  of 

noticed  under  those  arteries.  6  °f  their  branches,  as  will  be  more  fully 

Besides  the  superior  and  inferior  v  ■  i 
found  to  reach  the  bladder,  and  usuallv !!    artf ies'  °**  "mailer  branches  will  be 
cularly  to  the  under  surface  of  the T^Z  ^nZcT"'  ^  *  ^ 

Middle  hamiorrhoidal  artery  Thi*  l™     i  • 

rectum  by  the  inferior  vesical  artery  W  US"aJly  SUPPlied  to  tb« 

^y,  out  sometimes  proceeds  from  other 
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Fig.  289. 


Fig.  239. — View  of  the  Viscera  of  the  Male  Pelvis  from  the  left  side,  snowmo 
the  Vesical  and  Pudio  Arteriks  (from  11.  Quain).  J 

a,  the  os  pubis  divided  a  little  to  the  left  of  the  symphysis ;  6,  placed  close  to  the 
upper  part  of  the  urinary  bladder,  upon  which  lies  the  vas  deferens  ;  c,  placed  on  the 
upper  part  of  the  rectum,  near  the  left  ureter  ;  c',  at  the  junction  of  the  middle  and  lower 
parts  of  the  rectum  points  to  the  vesicula  serainalis  ;  c",  the  anus  ;  d,  the  urethral  bulb  ; 
e  the  crus  penis  divided  ;  /,  the  short  sacro-sciatic  ligament  attached  to  the  spine  of  the 
ischium  ;  1,  common  iliac  artery  ;  2,  internal  iliac  artery  ;  3,  gluteal  artery  cut  short ; 
4  common  trunk  of  the  sciatic  and  pudic  arteries  ;  4',  sciatic  artery  cut  as  it  is  passing 
out  of  the  great  sacro-sciatic  foramen  ;  5,  placed  on  the  divided  surface  of  the  ischium 
near  the  spine,  points  to  the  pudic  artery  as  it  is  about  to  re-enter  the  pelvis  by  the 
lesser  sacro-sciatic  foramen  ;  5',  the  superficial  perineal  branches  of  the  pudic  ;  5  ,  the 
pudic  artery,  proceeding  to  give  the  artery  of  the  bulb,  and  passing  on  to  give  6,  the 
artervof  the  crus  penis  and  the  dorsal  artery  of  the  penis  ;  7,  placed  on  the  middle  part  of 
the  rectum,  points  to  the  descending  branches  of  the  superior  haimorrhoidal  artery  ;  8,  the 
superior  and  middle  vesical  arteries  ;  9,  the  inferior  vesical  artery,  of  considerable  size  in 
this  instance,  giving  branches  to  the  bladder,  the  vesicula  semmahs,  the  rectum  (middle 
hemorrhoidal),  and  9',  to  the  prostate  gland. 


sources, 
arteries. 


It  anastomoses  with  the  branches  of  the  other  hemorrhoidal 


\ 

II.    UTERINE  AND  VAGINAL  ARTEBIES. 


The  uterine  artery  is  directed  downwards  from  the  anterior  division  of  the 
internal  iliac  artery 'towards  the  neck  of  the  uterus.  Insinuating  itself  be- 
tween the  layers  of  the  broad  ligament,  it  passes  upwards  on  the  side  of  the 
uterus,  pursuing  an  exceedingly  tortuous  course,  and  sends  off  numerous 
branches,  which  enter  the  substance  of  that  organ. 

This  artery  supplies  small  branches  to  the  bladder  and  the  ureter ;  and,  near  its 
termination,  communicates  with  an  offset  directed  inwards  from  the  ovarian  artery. 

Vaqinal  artery.  —  The  vagina  derives  its  arteries  principally  from  a  branch 
which  corresponds  with  the  inferior  vesical  in  the  male.  The  vaginal  artery 
descends  and  ramifies  upon  the  vagina,  at  the  same  time  sending  some 
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offsets  to  the  lower  part  of  the  bladder  over  the  neck,  and  others  to  the 
contiguous  part  of  the  rectum. 


fig.  290. 


fa 


Fig   290.-VIRW  OF  THE  DISTRIBUTION  OF  THE  ARTERIES  TO  THE  VlSOERA  OF  THF  FfmAIK 

§35 1 SEBN  0N  THK  RKM0VAL  °*  ihe  »"  o.  £SS^tl m£E 1 

remold  ;  4'  the  s^me  arterv  if  1'  '  *PU  f  ^  fr°m  which  a  Parfc  has  b<*n 
arterv-  ft  fi'  ;„t  ■  lt-um'.cll1C01ls.  Scv  5,  placed  on  the  sacral  nerves,  points  to  the  sektm 

7  rx*5  t& tzr::^n  Vr al  arteries ;  6\branches  ^\iJiVe:e:t1:^ 

gastric  artery  ;  y9  9  the  eft  ovarian  7"",  VeS'Ca, '  a"d  8'>  the  remai"s  °f  tbe  "yp^ 
from  below  the  peVLeum  10  IZlZ^'u™™^  f,r°m  the  aorta>  and  emerging 
side  of  the  rectum  '     '       8nperi0r  h»m«"l">«kl  artery  spreading  over  the  left 
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it  Ltlfy1^  ffomyth  "  TSt  inStaUCeS  derfVed  fr°m  the  a-  ; 

the  inside  of  the  pelvis  to  r  el  h the  Jnnv     ^  "  f°mardS  ^ 

foramen.  By  this  aperture  it  ±JT™  of  th°  T  ^  ^  thyi'°i'1 
divides  into  its  terminal  branche  i' L  ^  V?}™>  immediately 
artery  is  placed  between  the  pelv  cfJch  InY^  l™^  ^  ^  th° 
the  obturator  nerve.  Beneath  the  n2  ■  Pf  ^eum,  a  little  below 
and  nerve  in  an  oblique  cana I  *  """V"™  ™ 

and  partly  by  fibrous  Lue,  aft^,/^  ^  «* 
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diately  into  an  external  and  an  internal  branch,  which  are  deeply  placed 
behind  the  external  obturator  muscle. 

Branches.— (a)  Within  the  pelvis,  besides  others  of  smaller  size,  the  obturator 
artery  often  supplies  a  branch  to  the  iliac  fossa  and  muscle,  and  one  which  runs 
backwards  upon  the  urinary  bladder.  _ 

(b)  Anastomotic  vessels,  which  may  be  called  pubic,  are  given  off  by  the  obturator 
artery  as  it  is  about  to  escape  from  the  pelvis :  these  vessels  ramify  on  the  back  of  the 
pubes  and  communicate  behind  the  bone  and  the  attachments  of  the  abdominal 
muscles,  with  small  offsets  from  the  epigastric  artery.  These  anastomosing  branches 
lie  to  the  inner  side  of  the  crural  ring. 

(c)  The  internal  terminal  branch  curves  inwards  beneath  the  obturator  externa, 
close  to  the  inner  margin  of  the  thyroid  foramen,  and  furnishes  branches  to  the  obtu- 
rator muscles,  the  gracilis,  and  the  adductor  muscles. 

(d)  The  external  terminal  branch  has  a  similar  arrangement  near  the  outer  margin 
of  the  thyroid  foramen;  it  descends  as  far  as  the  ischial  tuberosity,  and  supplies  the 
obturator  muscles,  and  the  upper  ends  of  the  long  muscles  which  are  attached  to  that 
tuberosity.  This  branch  usually  sends  off  a  small  artery,  which  enters  the  hip-jomt 
through  the  cotyloid  notch,  and  ramifies  in  the  synovial  fatty  tissue,  and  along  the 
round  ligament  as  far  as  the  head  of  the  femur. 


Fig.  291. 


Fig.  291,  A.  and  B. — Views 
of  the  Left  Wall  ok  the 
Pelvis,  with  the  attached 
abdominal  muscles  from 
the  inside,  showing  dif- 
.  ferent  positions  of  the 
Aberrant  Obturator  Ar- 
teries (from  R.  Quain).  \ 

In  A,  a  case  is  represented 
in  which  the  aberrant  artery 
passes  to  the  outside  of  a 
femoral  hernial  protrusion  ;  in 
B,  an  instance  is  shown  in 
■which  it  surrounds  the  neck  of 
the  sac. 

a,  posterior  surface  of  the 
rectus  muscle  ;  6,  iliacus  in- 
ternus  muscle  ;  c,  symphysis 
pubis  ;  d,  obturator  mem- 
brane ;  e,  placed  on  the  fascia 
transversalis,  points  to  the  vas 
deferens  passing  through  the 
internal  inguinal  aperture  ;  /, 
B  the  testicle  ;  +,  the  neck  of  a 
femoral  hernial  sac  ;  1,  the 
external  iliac  artery;  2,  the 
external  iliac  vein  ;  below  2, 
the  obturator  nerve  ;  3,  the 
epigastric  artery  ;  4,  aberrant 
obturator  artery,  arising  from 
the  epigastric. 

The  two  terminal  branches 
of  the  obturator  artery  com* 
municate  with  each  other  near 
the  lower  margin  of  the  ob- 

turator  ligament,  and  anastomose  with  ^^^^^^Z 
The  external  branch  also  communicates  with  onsets  irom 

tuber  ischii.  ,,   ,      ;t    nrisrin  transferred  to  the 

Peculiarities. — The  obturator  artery  frequently  has  its  origin 
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commencement  of  the  epigastric  artery,  and  sometimes  to  the  external  iliac  at  its 
termination. 

In  361  cases  observed  by  R.  Quain,  the  origin  of  the  obturator  artery  varied  as 
follows:— In  the  proportion  of  2  cases  out  of  3,  it  arose  from  the  internal  iliac  :  in'l 
case  out  of  3^,  from  the  epigastric :  in  a  very  small  number  of  cases  (about  1  in  72), 
it  arose  by  two  roots  from  both  the  above-named  vessels  j  and  in  about  the  same 
proportion,  from  the  external  iliac  artery. 

•  Sometimes  the  obturator  artery  arises  from  the  epigastric  on  both  sides  of  the  same 
body,  but,  in  the  majority  of  instances,  this  mode  of  origin  of  the  vessel  is  met  with 
only  on  one  side. 

When  the  obturator  artery  arises  from  the  epigastric  it  turns  backwards  into  the 
pelvis  to  reach  the  canal  at  the  upper  part  of  the  thyroid  foramen  ;  and  in  this  course 
it  is  necessarily  close  to  the  crural  ring,  the  opening  situated  at  the  inner  side  of  the 
external  iliac  vein,  through  which  hernial  protrusions  descend  from  the  abdomen  into 
the  thigh.  In  the  greater  number  of  instances  the  artery  springs  from  near  the  root 
of  the  epigastric,  and  is  directed  backwards  close  to  the  iliac  vein,  and  therefore  lies  to 
the  outer  side  of  the  femoral  ring;  but  in  other  instances,  arising  from  the  epigastric 
artery  higher  up,  it  occasionally  crosses  over  the  ring,  and  curves  to  its  inner  side  It 
is  when  it  takes  this  last  course  that  the  obturator  artery  is  liable  to  be  wounded  in 
the  operation  for  dividing  the  stricture  in  a  femoral  hernia. 

The  anastomosis  which  normally  exists  between  the  obturator  artery  and  the  epi- 
gastric explains  the  nature  of  the  change  which  takes  place  when  the  origin  of  the 
obturator  artery  is  transferred  from  the  one  place  to  the  other.  In  such  cases  one 
of  the  anastomosing  vessels  may  be  supposed  to  have  become  enlarged,  and  the  pos- 

hZJrfTT\  -00t  °f  thG  °btUrat0r  artery  t0  W  rem*ilied  undeveloped  or  to  have 
been  obliterated  in  a  proportionate  degree. 


IV.    PODIC  ARTEKY. 


The  pudic  or  internal  pudic  artery  is  a  branch  of  considerable  size  (smaller 
in  the  female  than  in  the  male),  which  is  distributed  to  the  external  gene- 
rative organs     The  following  description  of  this  artery  has  reference  to  its 

s^rSTy  m  ^  malG;  diStribUti°n  "  the  fG-ale  ^  be  ™So5 
The  pudic  artery  arises  from  the  anterior  division  of  the  internal  iliac 
sometimes  by  a  trnnk  common  to  it  and  the  sciatic  artery.  Proceed 
downwards  it  passes  superficially  or  posteriorly  close  to  the  ischial  spine  thuf 
emerging  from  the  pelvis  along  with  the  sciatic  artery,  throng TZ'ereZ 
acro-sciatic  foramen.  Continuing  in  a  uniformly  curved  course^t  re  en  era 
the  pelvis  by  the  small  sacro-sciatic  foramen,  immediately  below  the  S 

^ttESSt^^**  tuber  Lhii^^tub! 

pubic  arch,  and  bes  <mV>i'ir>0™f  +^  ±i    x  •        i  margin  ot  the 

of  the  subpubic  fas 1 .    £  ,  lV  gU+ ^  1faDent  °T  SUPerficiil1  ^er 

subpubic  arch   nto  the  do 2 faUS  *  divideS  below  *a 

corpus  cavernosum  ^  °f  *"  PeD1S  aud  the  of  the 

li^L^r^itZ^r1^  f H?  th6  Pelvi3'  the  V**  artery 
and  the  sacral  nerves  Thence  '  1  "  f?*  °f  the  »«2 
nerve  and  vein.    On  the  iltn  ?     "*  18  accompanied  by  the  pudic 

muscle  close  to  its  oril      T,  tl T*£  by  ^  ^aximus 

ischio-rectal  fossa  andtiern  .  f!  ^  faSCia  *  lies  exte'»al  to  the 
the   triangular  \^  and  beneath 

muscle.  8  C10SSed  hy  the  deeP  transverse  perineal 
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Branches. — (a)  The  inferior  or  external  hcemorrhoidal  arteries,  two  or  three  in 
number,  incline  inwards  from  the  pudic  artery  as  it  passes  outside  the  ischio-rectal 
fossa  above  the  tuber  ischii.  These  small  vessels  run  across  the  ischio-rectal  fossa, 
through  the  fat  in  that  space,  and  are  distributed  to  the  sphincter  and  levator  ani 
muscles,  and  to  the  parts  surrounding  the  anus. 


Fig.  292. — View  op  the  Distribution  op  the  Arteries  to  the  Viscera  op  the  Male 
Pelvis,  as  seen  on  the  removal  of  the  Left  Os  Innominatum,  &c.  (from  R.  Quain).  £ 

a,  left  external  oblique  muscle  of  the  abdomen  divided  ;  b,  internal  oblique  ;  c,  trans- 
vers'alis  ;  d,  d,  the  parts  of  the  rectus  muscle  divided  and  separated  ;  e,  psoas  magnus 
muscle  divided  ;  /,  placed  on  the  left  auricular  surface  of  the  sacrum,  points  by  a  line  to 
the  sacral  plexus  of  nerves  ;  g,  placed  on  the  os  pubis,  sawn  through  a  little  to  the  left  of 
the  symphysis,  points  to  the  divided  spermatic  cord  ;  h,  the  cut  root  of  the  crus  penis  ; 
i  the  bulb  of  the  urethra  ;  k,  elliptical  sphincter  ani  muscle  ;  I,  a  portion  of  the  ischium 
near  the  spinous  process,  to  which  is  attached  the  short  sacro-sciatic  ligament ;  m,  the 
parietal  peritoneum  ;  n,  the  upper  part  of  the  urinary  bladder  ;  n',  the  left  vas  deferens 
descending  towards  the  vesicula  seminalis  ;  n",  the  left  ureter  ;  p,  the  intestines  ;  1,  the 
common  iliac  at  the  place  of  its  division  into  external  and  internal  iliac  arteries  ;  2  left 
external  iliac  artery  ;  3,  internal  iliac  ;  4,  obliterated  hypogastric  artery,  over  which  the 
vas  deferens  is  seen  passing,  with  the  superior  vesical  artery  below  it  ;  5,  middle  vesical 
artery  :  6,  inferior  vesical  artery,  giving  branches  to  the  bladder,  and  descending  on  the 
prostate  gland  and  to  the  back  of  the  pubes  ;  7,  placed  on  the  sacral  plexus,  points  to  the 
common  trunk  of  the  pudic  and  sciatic  arteries  ;  close  above  7,  the  gluteal  artery  is  seen 
cut  short ;  8,  sciatic  artery  cut  short  as  it  is  escaping  from  the  pelvis  ;  9,  placed  on  the 
rectum,  points  to  the  pudic  artery  as  it  is  about  to  pass  behind  the  spine  of  the  ischium  ; 
9'  on  the  lower  part  of  the  rectum,  points  to  the  inferior  hasmorrhoidal  branches  ;  9  , 
on  the  perineum,  indicates  the  superficial  perineal  branches  ;  9"',  placed  on  the  prostate 
eland  marks  the  pudic  artery  as  it  gives  off  the  arteries  of  the  bulb  and  of  the  crus  penis; 
10,  placed  on  the  middle  part  of  the  rectum,  indicates  the  superior  hemorrhoidal  arteries 
as  they  descend  upon  that  viscus. 

(b)  The  superficial  perineal  artery,  a  long,  slender,  but  regular  vessel,  supplies  the 
scrotum  and  the  upper  part  of  the  perinreum.  Given  off  from  the  pudic  artery  in 
front  of  the  hsemorrhoidal  branches,  it  turns  upwards  parallel  with  the  pubic  arch, 
crosses  the  transverse  muscle  of  the  pcrinaeum,  and  runs  forwards  under  cover  of  the 
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superficial  fascia,  between  the  erector  penis  and  accelerator  urinfe  muscles,  supplying 
both.  In  this  course  the  artery  gradually  becomes  superficial,  and  is  finally  distri- 
buted to  the  skin  of  the  scrotum  and  the  dartos.  «It  not  unfrequently  gives  ofl"  the 
following  branch. 


Fig.  293. 


Fig.  293.  —  Dissection 
of  the  Perineum  in  a 
young:  Male  Subject, 
showing  the  Blood- 
vessels, &c.  J 

This  drawing  is  made 

from  a  preparation  upon 

a  modification  of  the  plan 

of  R.  Quain's  61st  and 

62nd  Plates.    The  right 

side  shows  a  superficial, 

the  left  a  deeper  view. 
a,  the  anus,  with  a 

part  of  the  integument 

surrounding  it ;   b,  left 

half  of  the  bulb  of  the 

urethra  exposed  by  the 

removal  of  a  part  of  the 

bulbo-cavernosus  muscle ; 
c,  coccyx  ;  d,  right  tube- 
rosity of  the  ischium  ;  e, 
e,  the  anterior  part  of  the 
superficial  perineal  fascia 
passing  forward  upon  the 
scrotum,    and  removed 
from  the  surface  of  the 
muscles  and  its  reflections 
into  the  deep  fascia ;  /, 
right  ischio-rectal  fossa 
from  which  the  fat  and 
fascia  have  not  been  re- 
moved ;  g,  gluteus  maxi- 
nius  muscle  ;  1,  placed 
on  the  right  transveisus 
perinaii  muscle,  points  to 
the  superficial  perineal 
artery  as  it  emerges  in 
front  (in  this  case)  of  the 
muscle;  1',  placed  on  the 
left  side  on  the  surface  of 
the  triangular  ligament 
near  its  reflection  into 

™££Z^^t£*£  y^eial  perineal  artery  cut  short;  2,  on  the  right 
forward;  2',  the  sam Ton  th ^left  Le  the  v.  T"^  Miea  and  nerves  P^ing 
3  on  the  triangular  ligament  of  the  ridf^n  6'8  "eiT  havin«  been  divided  there ; 
of  the  superficial  perin'aTartery  ;  4  on  he  left  [,7  *?  th,e  V™8™"  P6riueal  branch 
pudie  artery  deep  in  the  ischiorectal  fossa  5  FT*?  °/  the  ,ischi™.  Points  to  the 
of  the  pud.c  arteries  and  nerves  •  6  on  tht  lpf?V ,  '"J6"01"  h*"«>"hoidal  branches 
nangular  hgament  or  anterior  ^er  W  ?he  sub  n, ^  1D,  *  reC6SS  frora  which  the 
contmuat.on  of  the  pudic  artery,  fts 

(c)  The  transverse  verineal  nrf»^ 
pudic  artery,  or  from  the  superfc  7'  L?7  *™\  ^  arises  either  »*»  the 
It  hes  across  the  perina3um an I  tcrmhv  T'  transversus  perinsei  muscle, 

to  the  transverse  muscle,  and  to  2  nf  f  ? ^  brancb^vhich  are  distributed 
ur^hra.  e'  and  t0  the  parts  between  the  anus  and  the  bulb  of  the 

ft  The  artery  of  the        h  surgically  considered,  an  important  vessel.    It  is  very 
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short;  arising  from  the  pudic  between  the  layers  of  the  sub-pubic  fascia,  and  passing 
transversely  inwards,  this  artery  reaches  the  bulb  a  little  in  front  of  the  central 
point  of  the  perinEeum,  and  ramifies  in  the  erectile  tissue.  It  gives  a  branch  to 
Cowper's  gland. 

(e)  The  artery  of  the  corpus  cavernosum  (profunda  penis),  one  of  the  terminal 
branches  of  the  internal  pudic,  runs  a  short  distance  between  the  crus  penis  and  the 
ramus  of  the  pubes,  and  then  continuing  forward  penetrates  the  crus,  and  ramifies 
in  the  corpus  cavernosum. 

(/)  The  dorsal  artery  of  the  penis  runs  between  the  crus  and  the  pubic  symphysis: 
having  pierced  the  suspensory  ligament,  it  continues  along  the  dorsum  of  the  penis 
immediately  beneath  the  skin,  and  parallel  with  the  dorsal  vein,  as  well  as  with  the 
corresponding  artery  of  the  opposite  side.  It  supplies  the  integument  of  the  penis, 
and  the  fibrous  sheath  of  the  corpus  cavernosum,  anastomosing  with  the  deep  arteries; 
and,  near  the  corona  glandis,  divides  into  branches,  which  supply  the  glans  and  the 
prepuce. 

Peculiarities. — Origin.  The  pudic  artery  is  sometimes  small,  or  it  is  defective  in 
one  or  two,  or  even  three  of  its  usual  branches,  which,  in  those  circumstances,  are  sup- 
plied by  a  supplemental  vessel,  the  "  accessory  pudic."  The  defect  most  frequently 
met  with  is  that  in  which  the  pudic  ends  as  the  artery  of  the  bulb,  whilst  the  arteries 
of  the  corpus  cavernosum  and  the  dorsum  of  the  penis  are  derived  from  the  acces- 
sory pudic.  But  all  the  three  arteries  of  the  penis  may  be  supplied  by  the  accessory 
pudic,  the  pudic  itself  ending  as  the  superficial  perineal.  A  single  accessory  pudic 
has  been  seen  to  supply  both  cavernous  arteries,  whilst  the  pudic  of  the  right  side 
gave  both  dorsal  arteries.  On  the  other  hand,  cases  have  occurred  in  which  only 
a  single  branch  was  furnished  by  the  accessory  artery,  either  to  take  the  place  of 
an  ordinary  branch  altogether  wanting,  or  to  aid  one  of  the  branches  which  was 
diminutive  in  size. 

The  accessory  pudic,  the  occasional  artery  above  alluded  to,  generally  arises  from 
the  pudic  itself,  before  the  passage  of  that  vessel  from  the  sacro-sciatic  foramen,  and 
descends  within  the  pelvis,  and  along  the  lower  part  of  the  urinary  bladder.  It  lies 
on  the  upper  part  of  the  prostate  gland,  or  it  may  be,  for  a  short  space,  likewise  on 
the  posterior  margin,  and  then  proceeding  forwards  above  the  membranous  part  of 
the  urethra,  reaches  the  perinaeum,  by  piercing  the  fascia  of  the  sub-pubic  arch. 

The  accessory  pudic  sometimes  arises  with  the  other  branches  from  the  internal 
iliac,  and  is  not  unfrequently  connected  with  the  prostatic  or  other  branch  of  the 
inferior  vesical  artery.  A  vessel  having  a  similar  distribution  may  spring  from  the 
external  iliac,  through  an  irregular  obturator,  or  through  the  epigastric  artery. 

Branches.—  Artery  of  the  bulb.  This  vessel  is  sometimes  small,  sometimes 
wanting  on  one  side,  and  occasionally  it  is  double.  But  a  more  important  deviation 
from  the  common  condition  is  one  sometimes  met  with,  in  which  the  vessel,  arising 
earlier,  and  crossing  the  perinaeum  farther  back  than  usual,  reaches  the  bulb  from 
behind.  In  such  a  case  there  is  considerable  risk  of  dividing  the  artery  in  performing 
the  lateral  operation  for  stone.  On  the  other  hand,  when  this  small  vessel  arises  from 
an  accessory  pudic  artery,  it  lies  more  forward  than  usual,  and  out  of  danger  in  case 
of  operation. 

The  dorsal  artery  of  the  penis  has  been  observed  to  arise  from  the  deep  femoral 
artery  and  to  pass  obliquely  upwards  and  inwards  to  reach  the  root  of  the  penis. 
Tiedcmann  gives  a  drawing  of  this  variety. 

The  pudic  artery  m  the  female. — In  the  female  this  vessel  is  much 
smaller  than  hi  the  male.  Its  course  is  similar,  and  it  gives  the  following 
branches:  m 

The  superficial  perineal  branch  is  distributed  to  the  labia  pudendL  The 
artery  of  the  bulb  supplies  the  mass  of  erectile  tissue  above  and  at  the  sides 
of  the  entrance  of  the  vagina,  named  the  bulb  of  the  vagina.  Whilst  the 
two  terminal  branches,  corresponding  to  the  artery  of  the  corpus  cavernosum 
and  the  dorsal  artery  of  the  penis,  are  distributed  to  the  clitoris,  and  are 
named  the  profunda  and  dorsal  arteries. 
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V.    SCIATIC  ARTERY. 

The  sciatic  artery,  the  largest  branch  of  the  internal  iliac  trunk,  excepting 
the  gluteal,  is  distributed  to  the  muscles  on  the  back  of  the  pelvis.  It 
descends  upon  the  pelvic  surface  of  the  pyriforinis  muscle  and  the  sacral 
plexus  of  nerves  ;  and  turning  backwards  beneath  the  border  of  that  muscle, 
it  passes  between  it  and  the  superior  gemellus,  and  thus  escapes  from  the 
pelvis,  along  with  the  great  sciatic  nerve  and  the  pudic  artery,  at  the  lower 
part  of  the  great  sciatic  foramen.  Outside  the  pelvis,  this  artery  lies  in  the 
interval  between  the  tuber  ischii  and  the  great  trochanter,  covered  by  the 
gluteus  maximus. 

Branches  -The  sciatic  artery  gives  off  several  branches  to  the  external  rotator 
muscles  of  the  thigh,  on  which  it  lies,  and  to  the  great  gluteus  by  which  it  is  con- 
cealed.   Two  others  have  received  special  names,  viz.,  the  following  •— 

(a)  The  coccygeal,  inclines  inwards,  and  piercing  the  great  sacro-sciatic  ligament 
reaches  the  posterior  surface  of  the  coccyx,  and  ramifies  in  the  fat  and  skin  about  that 

(b)  The  other  named  branch,  comes  nervi  ischiadici,  runs  downwards,  accompany- 
ing the  sciatic  nerve,  along  which  it  sends  a  slender  vessel 

wl,=lT^f  b/anCheS  ?f.this,artery  ^e  distributed  to  the  capsule  of  the  hip-joint: 
wmkt  others  after  supplying  the  contiguous  muscles,  anastomose  with  the  gluteal 

"VI.    GLUTEAL  ARTERY. 

The  gluteal  artery,  the  largest  branch  of  the  internal  iliac,  is  distributed 
to  the  muscles  on  the  outside  of  the  pelvis.     It  inclines  downwards  to  the 
great  sacro-sciatic  foramen,  and  escaping  from  the  cavity  of  the  pelvis 
between  the  contiguous  borders  of  the  middle  gluteal  and  the  pyriform 
muscles,  divides  immediately  into  a  superficial  and  a  deep  branch. 

JtSST^i  ?>hG  fuParJUsi(d  branch  running  between  the  gluteus  maximus  and 
I  u  on  Z,™'  dmdfS  iat°  ramificati0^  Which  are  most  copiously  distributed  to  the 
Z  K  7imUf'       anastomose  with  the  sciatic  and  posterior  sacral  arteries 

runs\n  anSl  ,TCbV8itUa,ted  betWeCQ  Ule  SIuteu9  mediu*  ^  gluteus  minimus 
5imtKb  d  d,ir^tion  forwards,  and  divides  into  two  other  branches     One  of 

S3^^a5dE£  UPPCfrtb0rd/r  °f,the  gU,teU8  ---sbe0nneeathf 
spine,  and,  g* ^Tin^fredJ  the  *UteiBr  iliac 

moses  with  the  c  cumflcx  fi L 3  «  ^  mu*cles  ^en  wMah  it  passes,  anasto- 
flex  arteries.    The  second  f  °  T^*8  5MndlM  °f  the  exLernal  ch'cu^ 

supplies  the  glutei  ZsdL  ,nd  ^  ^T*8,  toWard8  the  &reat  trochanter, 
sciatic  arteries  '        auast°moses  with  the  external  circumflex  and  the 

froS  L$j$?  braaCh  eUterS  the  hiP-bone  at  tUe  place  where  the  artery  emerges 

Vn-   IWO-LDMBAR  ARTERY. 

^eriL.iUoi;7atvizrr?le8ia  \great  measure  °ue  °f  ^ 

iHac  vessels,  StZkS^  ?^  ^  PS°a3  mUScle  and  the  e^al 
lumbar  and'an  «£  d  feff^f88"'  where  it  separates  into  a 
quadratus  muscle,  C0Z?  .  ^  °f  theSG  ramifies  in  the  P30119  *** 
nWiin*  branohl  L.umUmCa  ^  Wlth  last  lunxb  ar  artery,  and  fur- 

turning  downward   a^  J2t    \     ^  •  ^  SeC°Ud  °r  «"  divisiou> 

it  and  the  bone  anastol  LGlther  m  tUe  iUacus  m"scla  <*  ^tween 

the  external  l^StST  «tery,  and  even  with 

ura  01  liie  epigastric. 
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Peculiarities. — The  ilio-lumbar  artery  sometimes  arises  from  the  internal  iliac, 
above  the  division  of  that  trunk ;  and  more  rarely  from  the  common  iliac.  The  iliac 
and  lumbar  portions  sometimes  arise  separately  from  the  parent  trunk. 


Fig.  294. 


Fig.  294. — Arteries  of  the  Back 
of  tue  Pelvis  and  Upper  Part 
ofthe  TniQH  (froniTiedemann).i 

a,  crest  of  the  ilium  ;  b,  tuber- 
osity of  the  ischium  and  lower 
attachment  of  the  great  sacro- 
sciatic  ligament  ;  c,  great  tro- 
chanter ;  d,  integument  round  the 
anus ;  e,  great  sciatic  nerve ;  1, 
trunk  of  the  gluteal  artery  as  it 
issues  from  the  great  sacro- sciatic 
foramen,  the  superficial  branches 
cut  short,  the  deep  arch  seen  pass- 
ing round  on  the  upper  part  of 
the  gluteus  minimus  muscle  ;  2, 
placed  on  the  great  sacro-sciatic 
ligament,  points  to  the  pudic  artery 
at  the  place  where  it  winds  over 
the  back  of  the  spine  of  the  ischium  ; 
2',  the  continuation  of  the  artery 
towards  the  perinseum  on  the  in- 
side of  the  tuberosity  and  ramus 
of  the  ischium  ;  3,  3,  the  sciatic 
artery,  the  upper  figure  placed  on 
the  pyriformis  muscle,  the  lower 
on  the  great  sciatic  nerve ;  4,  4', 
first  perforating  artery  passing 
through  the  upper  part  of  the  great 
adductor  muscle  and  anastomosing 
with  the  posterior  branch  of  the 
internal  circumflex  artery,  which 
appears  between  the  quadratus  and 
the  adductor  muscles ;  5  and  6, 
part  of  the  second  and  third  per- 
forating arteries. 

When  the  lowest  of  the  lumbar 
arteries  is  wanting  it  is  replaced  by  a  branch  from  the  ilio-lumbar,  which  is  increased 
in  size,  and  by  a  small  offset  from  the  middle  sacral  artery. 

VIII.    LATERAL  SACRAL  ARTERIES. 

The  lateral  sacral  arteries  are  usually  two  in  number  on  each  side  though, 
occasionally  they  are  united  into  one.  The  two  arteries  arise  close  together 
from  the  posterior  division  of  the  internal  iliac  One  is  distributed  upon 
the  upper,  and  the  other  upon  the  lower  part  of  the  sacrum  _ 

Both  arteries  pass  downwards,  at  the  same  time  inclining  somewhat 
inwards,  in  front  of  the  pyriform  muscle  and  the  sacral  nerves,  which  they 
supply  with  twigs,  and  reach  the  inner  side  of  the  anterior  sacral  foramina^ 
Continuing  to  descend,  the  lower  one  approaches  the  middle  line,  and 
anastomoses  with  the  middle  sacral  artery.  .  , 

Dorsal  Branches.— The  lateral  sacral  arteries  give  off  a  series  of  branches 
which  enter  the  anterior  sacral  foramina.  Each  of  these,  after  having 
furnished  within  the  foramen  a  spinal  branch,  which  ramifaes  on  the  bones 
and  membranes  in  the  interior  of  the  sacral  canal,  escapes  by  the  cor- 
responding posterior  sacral  foramen,  and  is  distributed  upon  the  dorsal 
surface  of  the  sacrum. 


EXTERNAL  ILIAC  ARTERY 
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EXTERNAL  ILIAC  ARTERY. 


The  external  of  the  two  arteries  resulting  from  the  division  of  the  common 
iliac  forms  a  large  continuous  trunk,  which  extends  downwards  in  the  limb 
as  far  as  the  lower  border  of  the  popliteus  muscle,  but,  for  convenience  of 
description,  it  is  named  in  successive  parts  of  its  course  external  iliac 
femoral,  and  popliteal.  ' 

The  external  iliac  artery,  larger  than  the  internal  iliac  artery,  is  placed 
within  the  abdomen,  and  extends  from  the  division  of  the  common  iliac  to 
the  lower  border  of  Poupart's  ligament,  where  the  vessel  enters  the  thigh, 
and  is  named  femoral.  Descending  obliquely  outwards,  its  course  through 
the  abdominal  cavity  may  be  marked  by  a  line  drawn  from  the  left  side  of 
the  umbilicus  to  a  point  midway  between  the  anterior  superior  spinous 
process  of  the  ilium  and  the  symphysis  pubis.  This  line  would  also  indicate 
the  direction  of  the  common  iliac  artery,  from  which  the  external  iliac  is 
directly  continued. 

The  vessel  is  covered  by  the  peritoneum  and  intestines.  It  lies  along  the 
upper  margin  of  the  true  pelvis,  resting  upon  the  inner  border  of  the  psoas 
muscle.    The  artery,  however,  is  separated  from  the  muscle  by  the  fascia 


Fig.   295.— View  op 

THE  PRINCIPAL  All- 

tekies  and  t1jeir 
Divisions  on  the 
Kigiit  Side  of  a 
Male  Felvis. 

For  the  detailed  de- 
scription of  this  figure 
see  Fig.  288,  p.  419. 

2',  the  right  external 
iliac  artery,  accompa- 
nied by  the  correspond- 
ing vein   4',  passing 
below  into  the  femoral 
vessels  under  Poupart's 
ligament ;     12,  epi- 
gastric artery  winding 
to  the  inside  of  + ,  + 
the   spermatic    cord  ; 
the  epigastric  artery  is 
cut  short  superiorly  ; 
13,    circumflex  iliac 
artery  anastomosing 
with  15,  branches  o( 
the  ilio-lurubar ;  14, 
spermatic  artery  and 
vein  descending  to  join 
the   spermatic    cord ; 
+  ,  within  the  pelvis, 
the  vas  deferens  de- 
scending from  the  cord 
towards  the  bladder. 


Fig  295. 


iliaca,  to  which  it 
is  bouud,  together 
with  the  external  iliac  veiu,  by  the  sub-peritoneal  tissue. 
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Relation  to  Veins,  £c. — The  external  iliac  vein  lies  at  first  behind  the 
artery  with  an  inclination  to  the  inner  side  ;  but  as  both  vessels  approach 
Poupart's  ligament  at  the  fore  part  of  the  pelvis,  the  vein  is  on  the  same 
plane  with  the  artery  and  quite  to  the  inner  side,  being  borne  forwards  by 
the  bone.  At  a  short  distance  from  its  lower  end  the  artery  is  crossed  by 
the  circumflex  iliac  vein. 


Fig.  290. 


Fig.  296.— Yiew  of  the  Distribution 
and  Anastomosis  of  the  Epigastric 
and  Internal  Mammary  Arteries 
(from  Tiedemann).  \ 

For  the  detailed  description  of  this 
figure,  see  Fig.  265,  p.  375. 

7,  placed  on  the  transversalis  muscle 
above  the  internal  inguinal  aperture,  points 
to  the  last  part  of  the  external  iliac  artery 
at  the  place  where  it  gives  origin  to  8,  the 
epigastric  and  9,  the  circumflex  iliac  ar- 
tery;  10,  anastomosis  of  the  epigastric 
artery  and  the  abdominal  branch  nf  the  in- 
ternal mammary  in  and  behind  the  rectus 
muscle  ;  11,  the  spermatic  cord  receiving 
the  external  spermatic  branch  from  the 
epigastric  artery  ;  12,  femoral  artery  ;  13, 
femoral  vein;  14,  a  lymphatic  gland 
closing  the  femoral  ring. 

Large  lymphatic  glands  are  found 
resting  upon  the  front  and  inner  side 
of  the  vessel ;  and  the  spermatic 
vessels  descend  upon  it  near  its  ter- 
mination. A  branch  of  the  genito- 
crural  nerve  crosses  it  just  above 
Poupart's  ligament. 

Branches.  —  The  external  iliac 
artery  supplies  some  small  branches 
to  the  psoas  muscle  and  the  neigh- 
bouring lymphatic  glands,  and,  close 
to  its  termination,  two  other  branches 
of  considerable  size,  named  the  epi- 
gastric and  the  circumflex  iliac,  which 
are  distributed  to  the  walls  of  the 
abdomen. 

1.  The  epigastric  artery  (in- 
ferior epigastric)  arises  from  the  fore- 
part of.  the  external  iliac  artery, 
usually  a  few  lines  above  Poupart's 
ligament.  It  first  inclines  down- 
wards, so  as  to  get  on  a  level  with 
the  ligament,  and  then  passes  ob- 
liquely upwards  and  inwards  between 
the  fascia  transversalis  and  the 
peritoneum,  to  reach  the  rectus 
muscle  of  the  abdomen.  It  ascends 
almost  vertically  behind  the  rectus, 
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and  rising  within  the  sheath,  is  placed  between  it  and  the  muscle,  and 
terminates  at  some  distance  above  the  umbilicus  in  offsets  which  ramify 
in  the  substance  of  the  muscle  and  anastomose  with  the  terminal  branches 
of  the  internal  mammary  and  inferior  intercostal  arteries. 

The  epigastric  artery  is  accompanied  by  two  veins,  which  unite  into  a 
single  trunk  before  ending  in  the  external  iliac  vein. 

In  its  course  upwards  from  Poupart's  ligament  to  the  rectus  muscle,  the 
artery  passes  close  to  the  inner  side  of  the  internal  abdominal  ring;' and 
the  vas  deferens,  entering  through  the  ring,  turns  behind  the  artery  in 
descending  into  the  pelvis. 

Branches.— These  are  small,  but  numerous. 

(a)  The  cremasteric  artery,  a  slender  branch,  accompanies  the  spermatic  cord  and 
supplying  the  cremaster  muscle  and  other  coverings  of  the  cord,  anastomoses  with  the 
spermatic  artery. 

(6)  Several  muscular  branches  arise  from  each  side  of  the  epigastric  artery,  ramify 
in  the  rectus  muscle,  and  communicate  with  the  branches  of  the  lumbar  and  circum- 
Ilex  iliac  arteries.  ™ 

(c)  Superficial  branches  perforate  the  abdominal  muscles,  and  join  beneath  the  skin 
with  branches  of  the  superficial  epigastric  artery. 

id)  The  pubic  is  a  small  branch,  which  ramifies  behind  the  pubes  and  com- 
°f  °M  "  ^  desceQdinS  twiSs  with  a  s^ilar  branch  from  the 


Fig.  297. — View  op  toe  relation  op 
the  Vessels  op  the  Gkoin  to  a 
Femoral  Hernia,  &c.  (from  & 
Quain).  £ 


Fig.  297. 


In  the  upper  part  of  the  figure  a 
portion  of  the  flat  muscles  of  the 
abdomen  has  been  removed,  displaying 
in  part  the  transversalis  fascia  and 
peritoneal  lining  of  the  abdomen  ;  in 
the  lower  the  fascia  lata  of  the  thigh  is 
m  part  removed  and  the  sheath  of°  the 
femoral  vessels  opened  :  the  sac  of  the 
femoral  hernial  tumour  has  also  been 
opened. 

a,  anterior  superior  spinous  process 
of  the  ilium  ;  b,  aponeurosis  of  the  ex- 
ternal oblique  muscle  above  the  exter- 
nal inguinal  aperture  ;  c,  the  abdomi- 
nal peritoneum  and  fascia  trans- 
versalis ;  d,  the  iliac  portion  of  the 
fascia  lata  near  the  saphenic  opening- 
e,  sac  of  a  femoral  hernia ;  1,  points 
to  the  femoral  artery  ;  2,  femoral  vein 
at  the  place  where  it  is  joined  by  the 
saphena  vein  ;  3,  epigastric  artery  and 
vein  passing  up  towards  the  back  of 
the  rectus  muscle;  +,  placed  upon 
the  upper  part  of  the  femoral  vein 
close  below  the  common  trunk  of  the 

epigastric  and  an  aberrant  obturator  arterv  •  the  Mw  ■ 
close  to  the  vein  and  between  it  and  t^^jffSSS^S^ 


in  this  case  to  pass 


2.   TlTE  CIRCUMFLEX  ILTAC  ARTFRV     a-mnU^  J.1  m 

arises  from  the  outer  side  of  the  ilkc  'ar  f  T  ^  PrecediuS  vessel> 

iue  oi  vne  iliac  artery  near  Poupart's  ligament,  and  is 
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directed  outwards  behind  that  band  to  the  anterior  superior  iliac  spine. 
Following  thence  the  crest  of  the  hip-bone,  the  artery  gives  branches  to  the 
iliacus  muscle,  furnishes  others  which  are  distributed  to  the  abdominal 
muscles,  and  anastomoses  with  the  ilio-lumbar  artery.  In  its  course  outwards 
this  artery  lies  in  front  of  the  trausversalis  fascia,  at  the  junction  of  this 
with  the  fascia  iliaca. 

Two  veins  accompany  tho  circumflex  iliac  artery ;  these  unite  below  into 
a  single  vessel,  which  crosses  the  external  iliac  artery  about  an  inch  above 
Poupart's  ligament,  and  enters  the  external  iliac  vein. 

The  muscular  branch  is  given  off  near  the  iliac  crest,  and  ascends  on  the  fore-part 
of  the  abdomen  between  the  transversalis  and  internal  oblique  muscles  :  having  sup- 
plied those  muscles,  it  anastomoses  with  the  lumbar  and  epigastric  arteries.  This 
branch  varies  much  in  size,  and  is  occasionally  replaced  by  several  smaller  muscular 
offsets. 

Peculiarities. — Size. — In  those  rare  cases  in  which  the  principal  blood-vessel  of 
the  lower  limb  is  continued  from  the  internal  iliac  (p.  441),  the  external  iliac  artery 
is  correspondingly  diminished,  and  ends  in  the  muscles  of  the  front  of  the  thigh, 
taking  the  place  of  the  profunda. 

Brandies. — The  usual  number  of  two  principal  branches  of  the  external  iliac  artery 
may  be  increased  by  the  separation  of  the  circumflex  iliac  into  two  branches,  or  by 
the  addition  of  a  branch  usually  derived  from  another  source,  such  as  the  internal 
circumflex  artery  of  the  thigh  or  the  obturator  artery. 

The  epigastric  artery  occasionally  arises  higher  than  usual,  as  at  an  inch  and  a 
half,  or  even  two  inches  and  a  half,  above  Poupart's  ligament ;  and  it  has  been  seen 
to  arise  below  that  ligament  from  the  femoral,  or  from  the  deep  femoral  artery.  The 
epigastric  frequently  furnishes  the  obturator  artery ;  and  two  examples  are  recorded 
in  which  the  epigastric  artery  arose  from  an  obturator  furnished  by  the  internal  iliac 
artery.  (Monro,  "  Morbid  Anatomy  of  the  Human  Gullet,"  &c,  p.  427.  A.  K.  Hessel- 
bach,  "Die  sicherste  Art  des  Bruchschnittes,"  &c.)  In  a  single  instance  the  epi- 
gastric artery  was  represented  by  two  branches,  one  arising  from  the  external  iliac, 
and  the  other  from  the  internal  iliac  artery.  (Lauth,  in  "  Velpeau's  Medecine 
Operatoire,"  v.  ii.  p.  452.)  Some  combinations  of  the  epigastric  with  the  internal  cir- 
cumflex, or  with  the  circumflex  iliac,  or  with  both  those  vessels,  have  been  noticed. 

The  circumflex  iliac  artery  sometimes  deviates  from  its  ordinary  position,— arising 
at  a  distance  not  exceeding  an  inch  above  Poupart's  ligament.  Deviations  in  the 
opposite  direction  are  more  rarely  met  with ;  it  has  in  a  few  cases  been  observed  to 
arise  below  the  ligament,  from  the  femoral  artery. 


FEMORAL  ARTERY. 

The  femoral  artery  is  that  portion  of  the  artery  of  the  lower  limb  which 
lies  in  the  upper  two-thirds  of  the  thigh,— its  limits  being  marked  above  by 
Poupart's  ligament,  and  below  by  the  opening  in  the  great  adductor  muscle, 
after  passing  through  which  the  artery  receives  the  name  popliteal. 

A  general  indication  of  the  direction  of  the  femoral  artery  over  the  fore- 
part and  inner  side  of  the  thigh  is  given  by  a  line  reaching  from  a  point 
midway  between  the  anterior  superior  iliac  spine  and  the  symphysis  of  the 
pubes  to  the  inner  side  of  the  internal  condyle  of  the  femur.  At  the  upper 
part  of  the  thigh,  it  lies  along  the  middle  of  a  depression  between  the 
muscles  covering  the  femur  on  the  outer  side,  and  the  adductor  muscles  on 
the  inner  side  of  the  limb,  and  which  is  known  by  the  name  of  Scarpa's 
triangle.  In  this  situation  the  beating  of  the  artery  may  be  felt,  and  the 
circulation  through  tho  vessel  may  be  most  easily  controlled  by  pressure. 
Below  the  upper  third  of  the  thigh  it  is  crossed  by  tho  upper  and  inner 
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Fig.  298.  —  Anterior  View  op  the  AR- 
TERIES   OF    THE     pBIlVI8      TlIIQH  AND 

Knee  (from  Tiedemann).  £ 

a,  anterior  superior  iliac  spine  ;  b,  tensor 
vagmae  femons  muscle;  c,  vastus  in  ernus 
d,  tendon  of  the  adductor  magnus  ;  e,  Z'. 
tonus;  /  rectus  muscle;  g,  the  colon  Cb 
upon  the  left  iliac  artery ;  A,  urinary  SZ 
aer ,  1,  lower  part  of  the  abdominal  aorta 
dividing  into  the  common  iliac  arteries  1' 
middle  sucral  artery;  2,  left  common  'iliac 
artery;  3    external  iliac;  3',  deep  oirou™ 
fl ex  iliac  branch;  3",  epigastric  winding  to 
the  ins.de  of  the  spermatic  cord,  and  giving 
3  >  lts  cremasteric  branch  ;  4,  femoral 
artery  on  the  right  side  shown  in 'C 
triangle    on  the  left  exposed  as  far^vs 
Hunter's  canal  ;   4',  superficial  circumflex 
iliao  and  ep.gastric  of  the  right  side 
superfic.al  pudic  and  iaguinal  fc  . 

profunda  femor.s  artery,  descending  on  the 
left  side  behind  the  adductor  lon°us  T 
external  c.rcumflex  ;  6',  its  ascend^  or 
gluteal  branches ;  6",  its  descending  branches- 
7,  7  ,  internal  circumflex  arterv  •  S  .„„!.:  1 
perforating  ;  8'  second  P3n  '  S" 
9  9,  muscular  branches  of  the  femoral  ar! 
tery;  9,  anastomotic  branch ;  10,  interL 
superior  articular  branch  of  the  popliteal" 


inferior  branch 


border  of  the  sartorius  muscle  whi^  t„ 

and  which  conceals  the  vessel  in  t  !f         "        °Utor  waM  of  triangle, 

in  the  remainder  of  its  course.     la  the  first 
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part  of  its  course  the  femoral  artery  is  covered  only  by  the  skin  and  fascia 
lata,  and  by  the  sheath  which  invests  both  the  artery  and  vein,  viz.,  the  crural 
sheath  (p.  293).  In  the  lower  part  of  its  course  it  is  deeply  placed,  being 
covered  not  only  by  the  sartorius  muscle,  but  by  a  dense  stratum  of 
fibrous  structure,  which  stretches  across  from  the  tendons  of  the  long  and 
great  adductors  to  the  vastus  internus  muscle,  and  encloses  the  space  called 
Hunter's  canal,  in  which  the  vessels  lie. 

The  artery  rests  successively  upon  the  following  parts.  First,  upon  the 
psoas  muscle,  by  which  it  is  separated  from  the  margin  of  the  pelvis  and  the 
capsule  of  the  hip-joint ;  next,  it  is  placed  in  front  of  the  pectiueus  muscle, 
the  deep  femoral  artery  and  vein  being  interposed  ;  afterwards,  it  lies  upon 
the  long  adductor  muscle  ;  and  lastly,  upon  the  tendon  of  the  great  adductor, 
the  femoral  vein  being  placed  between  the  tendon  and  the  artery.  At  the 
lower  part  of  it3  course,  it  has  immediately  on  its  outer  side  the  vastus 
internus  muscle,  which  intervenes  between  it  and  the  inner  side  of  the 
femur. 

At  the  groin  the  artery,  after  having  passed  over  the  margin  of  the 
pelvis,  is  placed  slightly  in  front  of  or  internal  to  the  head  of  the  femur  ; 
and  at  its  lower  end,  the  vessel  lies  close  to  the  inner  side  of  the  shaft  of 
the  bone  ;  but  in  the  intervening  space,  in  consequence  of  the  projection 
of  the  neck  and  shaft  of  the  femur  outwards,  while  the  artery  holds  a 
straight  course,  it  is  separated  from  the  bone  by  a  considerable  interval. 

Fig.  299. — View  of   the  Femoral  Ves- 
sels,   WITH    THEIR   SMALLER  SUPERFICIAL 

Branches  in  the  Right  Groin  (from  R. 
Quain).  £ 

a,  the  integument  of  the  abdomen;  b,  the 
superficial  abdominal  fascia  ;  b',  the  part 
descending  on  the  spermatic  cord  ;  c,  c,  the 
aponeurosis  of  the  external  oblique  muscle  ; 
c\  the  same  near  the  external  abdominal 
ling ;  d',  the  inner  pillar  of  the  ring  ;  d,  the 
iliac  part  of  the  fascia  lata  ;  d',  the  pubic 
part ;  e,  e,  the  sheath  of  the  femoral  vessels 
laid  open,  the  upper  letter  is  immediately 
over  the  crural  aperture  ;  d,  placed  on  the 
sartorius  muscle  partially  exposed,  points  to 
the  margin  of  the  saphenic  opening  ;  1, 
femoral  artery,  having  the  femoral  vein  2, 
to  its  inner  Bide,  and  the  septum  of  the 
sheath  shown  between  the  two  vessels  ;  3,  the 
principal  saphenous  vein  ;  3',  its  anterior 
branches  ;  4,  the  superficial  circumflex  iliac 
vein  and  arterial  branches  to  the  glands  of 
the  groin  ;  5,  the  superficial  epigastric  vein  ; 
6,  the  external  pudic  arteries  and  veins  ;  7 
to  8,  some  of  the  lower  inguinal  glands  re- 
ceiving twigs  from  the  vessels ;  9,  internal, 
10,  middle,  and  11,  external  cutaneous 
nerves. 

Relation  to  Veins. — The  femoral 
vein  is  very  close  to  the  artery,  both  being  enclosed  in  the  same  sheath,  and 
separated  from  each  other  only  by  a  thin  partition  of  fibrous  membrane. 
At  the  groin  the  vein  lies  in  the  same  plane  as  the  artery,  and  on  the  inner 
side  ;  but  gradually  inclining  backwards,  it  is  placed  behind  it,  at  the 
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lower  end  of  Scarpa's  space,  and  afterwards  gets  somewhat  to  the  outer 
side.  The  deep  femoral  vein,  near  its  termination,  crosses  behind  the 
femoral  artery  ;  and  the  long  saphenous  vein,  as  it  ascends  on  the  fore  part 
of  the  limb,  lies  to  the  inner  side  ;  but  it  not  unfrequently  happens  that  a 
superficial  vein  of  considerable  size  ascends  for  some  space  directly  over  the 
artery. 

Relation  to  Nerves. — At  the  groin  the  anterior  crural  nerve  lies  a  little  to 
the  outer  side  of  the  femoral  artery  (about  a  quarter  of  an  inch),  separated 
from  the  vessel  by  some  fibres  of  the  psoas  muscle  and  by  the  sheath  and 
fascia.  Lower  down  in  the  thigh,  the  long  saphenous  nerve  accompanies  the 
artery  until  this  vessel  perforates  the  adductor  magnus.  There  are  likewise 
small  cutaneous  nerves  which  cross  the  artery. 

Branches.— The  femoral  artery  gives  off  the  following  branches  :— some 
small  and  superficial,  which  are  distributed  to  the  integument  and  glands 
of  the  groin  and  ramify  on  the  lower  part  of  the  abdomen,  viz.,  the  ex- 
ternal pudic  (superior  and  inferior),  the  superficial  epigastric,  and  the  super- 
ficial circumflex  iliac  ;  the  great  nutrient  artery  of  the  muscles  of  the  thigh 
named  the  deep  femoral ;  several  muscular  branches  ;  and  lastly,  the  anasto- 
motic artery,  which  descends  on  the  iuner  side  of  the  knee-joint. 

The  portion  of  the  femoral  artery  extending  from  its  commencement  to  the  origin 
of  the  deep  femoral  a  part  varying  from  an  inch  to  two  inches  in  length,  is  some 
times  distinguished  by  surgical  writers  as  the  common  femoral,  and  described  as 
dividing  into  the  superficial  and  deep  femoral  arteries.  as 

I.  Superficial  inguinal  branches. -The  external  pudic  arteries  arise 
either  separately  or  by  a  common  trunk  from  the  inner  side  of  the  femoral 
artery  The  suipenor,  the  more  superficial  branch,  courses  upwards  and  in 
wards  to  the  pubic  spine,  crosses  the  external  abdominal  ring,  passing  in  the 
male  over  the  spermatic  cord,  and  is  distributed  to  the  interments  on  thl 
loner  part  of  the  abdomen  and  on  the  external  organs  of  generation .  ^ 
n/mor  branch,  more  deeply  seated,  extends  inwards,  resting  on  the  nee 

The  superficial  epigastric  artery,  arising  from  the  femoral  vessel  abont 
half  an  inch  below  Poupart's  ligament,  passes  forwards  through  he  ftl 
lata,  and  runs  upwards  on  the  abdomen  in  the  sunPrfi,kl  7  •  a 
the  external  oblique  muscle.  Its  bnu^^^^^^W 
umbilicus,  anastomose  with  superficial  branches  of  the  eJIl?*^fhZ  1 
mammary  arteries.  ^t^tnc  ana  internal 

The  superficud  circumflex  iliac  artery  runs  outwards  in  tfc«  v  u 
Poupart's  ligament  towards  the  iliac  spine   Lrol    the  J„         ?T  °f 
muscles:  to  both  of  these  it  gives  small  brZoh^       1     *****  aU(1  lliacus 
pierce  the  fascia  lata  ;  it  is  ItZZfloZt^t  ^  ^ 
^1  the  preceding  arteries  give  small  branches  t°o  the  lymphatic  glands  in 

tiou™^  the  principal  nutri- 

equal  in  size  to  the  coStinuaton^l^^^  ****  ^ 
branch.  It  usually  arises  from  the ouS  and b\ T^T  °f  ^  *~* 
artery,  between  an  inch  and  two  ^C^^^l 
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commencement,  it  inclines  outwards  in  front  of  the  iliacus  muscle,  to  such,  an 
extent  as  to  be  visible  for  a  short  distance  external  to  the  femoral  artery  ;  it 
then  runs  downwards  and  backwards  behind  that  vessel,  and  passing  behind 
the  long  adductor  muscle,  between  it  and  the  great  adductor,  near  their 
femoral  attachments,  divides  into  terminal  branches,  which  pierce  the  great 
adductor,  and  ramify  in  the  muscles  at  the  back  and  outer  part  of  the 
thigh. 


Fig.  300. 


Fig.  300.— Deep  View  ov  the  Femo- 
ral Artery  and  its  Branches  on 
the  Left  Side  (from  R.  Quain).  \ 

The  sartorius  muscle  has  been  re- 
moved in  part,  so  as  to  expose  the 
artery  in  the  middle  third  of  the  thigh. 
a,  the  anterior  superior  iliac  spine  ;  6, 
the  aponeurosis  of  the  external  oblique 
muscle  near  the  outer  abdominal  ring, 
from  which  the  spermatic  cord  is  seen 
descending  towards  the  scrotum ;  c, 
the  upper  part  of  the  rectus  femoris 
muscle  ;  d,  adductor  longus  ;  e,  fibrous 
sheath  of  Hunter's  canal  covering  the 
artery;  1,  femoral  artery;  1',  femoral 
vein  divided  and  tied  close  below  Pou- 
part's  ligament ;  2,  profunda  femoris 
artery;  3,  anterior  crural  nerves;  4, 
internal  circumflex  branch  ;  5,  super- 
ficial pudic  branches  ;  6,  external  cir- 
cumflex branch,    with   its  ascending 
transverse   and   descending  branches 
separating  from  it ;  6',  twigs  to  the 
rectus  muscle  ;    7,  branches  to  the 
vastus  internus    muscle ;  8,  and  9, 
some  of  the  muscular  branches  of  the 
femoral. 

This  artery  lies  successively  in 
front  of  the  iliacus,  pectineus, 
adductor  brevis  and  adductor 
ma  gnus  muscles.  The  femoral 
and  profunda  veins  and  the  long 
adductor  muscle  are  interposed 
between  it  and  the  femoral  trunk. 
The  named  branches  of  the 
\  deep  femoral  artery  are  the  ex- 
ternal and  the  internal  circumflex, 
and  the  perforating  arteries. 

1.  The  external  circumflex  ar- 
tery, a  branch  of  considerable 
size,  arises  from  the  outer  side  of 
the  profunda  near  its  origin,  and 
passing  outwards  for  a  short  dis- 
tance beneath  the  sartorius  and  rectus  muscles,  and  through  the  divisions 
of  the  anterior  crural  nerve,  divides  into  three  sets  of  branclies. 
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reach  the  back  part  of  the  thigh,  where  they  anastomose  with  the  internal  circumflex 
and  the  perforating  branches  of  the  deep  femoral,  and  with  the  gluteal  and  solatia 
branches  of  the  internal  iliac. 

(b)  Ascending  branches,  directed  upwards  beneath  the  sartorius  and  rectus  and 
afterwards  under  the  tensor  muscle  of  the  fascia  lata,  communicate  with  the  terminal 
branches  of  the  gluteal,  and  with  some  of  the  external  descending  branches  of  the 
circumflex  iliac  artery. 

(c)  Descending  branches  incline  outwards  and  downwards  upon  the  extensor 
muscles  of  the  knee,  covered  by  the  rectus  muscle.  They  are  usually  three  or  four  in 
number,  some  being  of  considerable  size;  most  of  them  are  distributed  to  the 
muscles  on  the  fore-part  of  the  thigh,  but  one  or  two  can  be  traced  beneath  the 
vastus  externus  muscle  as  far  as  the  knee,  where  they  anastomose  with  the  arterial 
branches  surrounding  that  joint.  serial 

2.  The  internal  circumflex  artery,  smaller  than  the  external  circumflex 
arises  close  to  that  branch  from  the  inner  and  hinder  part  of  the  deep 
femoral  artery,  and  is  directed  backwards  between  the  pectineus  and  the 
psoas  muscle  to  the  mner  side  of  the  femur,  so  that  only  a  small  part  of  it 
can  be  seen  without  displacing  these  muscles.    On  reaching  the  tendon  of 

—  *  £  «  of  12 

(b)  The  transverse  branch  passes  backwards  above  the  small  tow*.,,* 

these  adductor  mnsclcs,  te  the  biceps  and  ilrS,'.  f  <,istr"""«»  '»  both 
1.1th  the  sciatic  and  internal  ciremflex  arterfc,     S         mU'cU-  Md  "nmunicates 

Af^r^^-^.  ipj  the  nrst,  M 

descending  branches,  which  rami fy  in  thV  £™t  •  ,dlVldes  infco  ascending  and 

the  other  perforating  branches  Tan  offset f«Tf  ^"Tlf  *  Md  COmmu™^  wTth 
femur  enters  the  medullary  foramen  of  hat  bone        ^  ^  •*»  of  ««• 

(c)  The  <Aird  perforating  artery  pierces  tnTo,.  i  * 

insertion  of  the  adductor  lig^  i^^WtaS  ?„C^  ""■""l  mUSC,C'  beI™ 
perforating  artery.  °  «  distributed  in  a  manner  similar  to  the  second 

(d)  The  fourth  perforating  arterv   th*         •  *• 

passing  backwards  close  to  the  linea^a'sp  ra  ?  *h(\deep  fem^al  artery, 

biceps  and  to  the  other  hamstring  muscCand  cl  \°  the  short  he*cl  of  the 

popliteal  artery,  and  with  the  loL  perforktTng  with  b™<*<*  of  the 

III.  Muscular  branches  of  thf  sr,m„ 
the  thigh,  the  femoral  artery  cive3  Gff  R^      ,T ^  ~In  its  co"rse 

Y  olves  oil  8everal  branches  to  the  contiguous 
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muscles.  They  vary  in  number  from  two  to  seven.  They  supply  the 
sartorius  and  the  vastus  internus,  with  other  muscles  which  are  close  to 


Fi2.  SOI. 


fibres 


of  the  vastus  internus  musclo  ;  it 


Fig.  301. — Posterior  Vikw  of 
the  Arteries  op  the  Pelvis, 
Thigii,  and  Popliteal  Space 
(from  Tiedemann).  \. 

a,  the  iliac  crest  ;  b,  the  great 
sacro-sciatic  ligament  attached  to 
the  tuberosity  of  the  ischium  ;  c, 
great  trochanter;  d,  the  integu- 
ment close  to  the  anus  ;  c,  great 
sciatic  nerve  ;  /,  the  line  from  this 
letter  crosses  the  tendons  of  the 
inner  hamstring  muscles  ;  g,  head 
of  the  fibula  ;  1,  gluteal  artery ;  2, 
pudic;  3,  sciatic  artery,  giving 
its  branches  to  the  short  external 
rotator  muscles,  to  the  sciatic 
nerve,  and  to  the  upper  part  of 
the  long  flexor  muscles  ;  4,  first 
perforating  artery  ;  4',  its  branches 
to  the  flexor  muscles  ;  5,  branches 
of  the  second  perforating  ;  _  6, 
branches  of  the  third  perforating ; 
7,  popliteal  artery,  near  this  the 
origin  of  the  superior  muscular 
branches  ;  8,  placed  on  the  ten- 
don of  the  adductor  magnus  near 
the  origin  of  the  superior  articular 
branches  ;  9,  the  anastomosis  of 
the  external  superior  articular 
with  other  branches  ;  10,  the  sural 
branches;  11,  the  recurrent  of 
the  anterior  tibial  artery. 

the  femoral  artery  :  their  size 
appears  to  bear  an  inverse 
proportion  to  that  of  the  de- 
scending branches  of  the 
external  circumflex  artery. 
IV.  Anastomotic  arteky. 

 Close  to   its  termination 

the  femoral  artery  gives  off 
a  branch,  constant  but  of 
moderate  size,  named  the 
anastomotic  artery  (anasto- 
motica  magna),  which  descends 
in  the  same  line  as  the  femoral 
artery  itself  (see  fig.  298). 
Arising  from  that  vessel  when 
about  to  enter  the  popliteal 
space,  it  descends  upontheten- 
don  of  the  adductor  magnus  to 
the  inner  condyle  of  the  femur, 
giving  off  several  branches, 
and  covered  by  some  of  the 
liuully  anastomoses  with  the 
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internal  articular  arteries,  and  with  the  recurrent  branch  of  the  anterior 
tibial  artery. 

(a)  A  superficial  branch  accompanies  the  saphenous  nerve  beneath  the  sartorius 
muscle  to  the  integument  on  the  inner  side  of  the  knee. 

(b)  The  external  branch,  arising  from  the  lower  part  of  the  vessel,  crosses  over  the 
femur,  supplies  offsets  to  the  knee-joint,  and  forms  an  arch  a  little  above  the  articular 
surface,  by  anastomosing  with  the  superior  external  articular  artery. 

Peculiarities  op  the  Femoral  Artery  and  Branches. — Trunk — Four  instances 
have  been  recorded  of  division  of  the  femoral  artery  below  the  origin  of  the  profunda 
into  two  vessels,  which  subsequently  were  reunited  near  the  opening  of  the  adductor 
magnus  so  as  to  form  a  single  popliteal  artery.  In  all  these  cases,  the  arrangement 
of  the  vessels  appears  to  have  been  similar.  To  one  of  them  (that  first  observed) 
special  interest  is  attached,  inasmuch  as  it  was  met  with  in  a  patient  operated  upon 
for  popliteal  aneurism.  (This  case  was  treated  by  Charles  Bell,  and  recorded  in  "  The 
London  Medical  and  Physical  Journal,"  vol.  lvi.  p.  134.    London,  1826.) 

The  femoral  artery  is  occasionally  replaced  at  the  back  of  the  thigh  by  a  trunk 
continuous  with  the  internal  iliac.  Having  passed  from  the  pelvis  through  the 
large  sacro-sciatic  notch,  this  trunk  accompanies  the  great  sciatic  nerve  along  the 
back  of  the  thigh  to  the  popliteal  space,  where  its  connections  and  termination  become 
similar  to  those  of  the  vessel  presenting  the  usual  arrangement.  Four  examples  of 
tins  deviation  from  the  common  state  of  the  blood-vessel  have  been  recorded.  Refe- 
rence is  made  to  these  in  a  Paper  in  vol.  36  of  the  Medico-Chirurgical  Transactions, 
giving  an  account  of  a  specimen  of  remarkable  deformity  of  the  lower  limbs  of  a 
man  in  whom  the  artery  was  so  transposed  on  both  sides. 

Branches.— The  deep  femoral  is  occasionally  given  off  from  the  inner  side  of  the 
parent  trunk,  and  more  rarely  from  the  back  part  of  the  vessel.  Occasionally  it 
arises  at  a  distance  of  less  than  an  inch,  and  sometimes  of  more  than  two  inches 
below  Poupart's  ligament.  It  was  even  found  by  Richard  Quain  arising  in  one 
instance,  above  Poupart's  ligament,  and  in  another  four  inches  below  it  •  but  in  the 
latter  instance  the  internal  and  external  circumflex  arteries  did  not  arise  from  the 
profunda. 

The  external  circumflex  branch  sometimes  arises  directly  from  the  femoral  artery  • 
or  it  may  be  represented  by  two  branches,  of  which,  in  most  cases,  one  proceeds  from 
the  femoral,  and  one  from  the  deep  femoral :  both  branches,  however,  have  been 
seen  to  arise  from  the  deep  femoral,  and  much  more  rarely,  both  from  the  femoral 

The  internal  circumflex  branch  may  be  transferred  to  the  femoral  artery  above  the 
origin  of  the  profunda  Examples  have  also  been  met  with  in  which  the  internal 
circumflex  arose  from  the  epigastric,  from  the  circumflex  iliac,  or  from  the  external 
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The  popliteal  artery  placed  at  the  back  of  the  knee-joint,  extends  along 
the  lower  third  of  the  thigh  and  the  upper  part  of  the  leg,  reaching  from  the 
opening  in  the  great  adductor  to  the  lower  border  of  the  popliteus  muscle 
It  is  continuous  above  with  the  femoral,  and  divides  at  the  lower  end  into 
the  anterior  and  posterior  tibial  arteries 

This  artery  at  first  inclines  from  the  inner  side  of  the  limb  to  reach  a 
point  behind  the  middle  of  the  knee-joint,  and  thence  continues  to  descend 
vertically  to  its  lower  end.  Lying  deeply  in  its  whole  course  Tt  is  covered 
for  some  distance  at  its  unDer  pt,A      +i,„       •        ^  '  covered 

At  first  the  artery  Be,  close  to  the  inner  side  of  the  femur  ,  in  defending, 
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it  is  separated  by  an  interval  from  the  flat  or  somewhat  hollowed  triangular 
surface  at  the  lower  end  of  the  bone  ;  it  then  rests  on  the  posterior  ligament 
of  the  knee-joint,  and  afterwards  on  the  popliteus  muscle. 

Belation  to  Veins. — The  popliteal  vein  lies  close  to  the  artery,  behind 
And  somewhat  to  the  outer  side  till  near  its  termination,  where  it  crosses  the 
a,rtery  and  is  placed  somewhat  .on  the  inner  side.  The  vein  is  frequently 
double  along  the  lower  part  of  the  artery,  and,  more  rarely,  also  at  the 
upper  part.  The  short  saphenous  vein,  ascending  into  the  popliteal  space 
over  the  gastrocnemius  muscle,  approaches  the  artery  as  it  is  about  to  ter- 
minate in  the  popliteal  vein. 

Halation  to  the  Nerve. — The  internal  popliteal  nerve  lies  at  first  to  the 
outer  side  of  the  artery,  but  much  nearer  to  the  surface  than  the  vessel  : 
the  nerve  afterwards  crosses  over  the  artery,  and  is  placed  behind  and  to 
the  inner  side  below  the  joint. 

Branches. — The  branches  of  the  popliteal  artery  may  be  arranged  in  two 
sets,  viz.,  the  muscular  and  the  articular. 

1.  The  muscular  branches  are  divided  into  a  superior  and  an  inferior 
group. 

(a)  The  superior  branches,  three  or  four  in  number,  are  distributed  to  the  lower 
ends  of  the  hamstring  muscles,  and  also  to  the  vasti  muscles,  and  anastomose  with  the 
perforating  and  articular  arteries. 

Fig.  302.  Fig.  302 — View  of  the  Popliteal  Artery  and  its 

Branches  in  TnE  Riqut  Leo  (from  Tiedemann).  \ 

a,  biceps  muscle  ;  b,  serai- membranosus  ;  c,  semi- 
tendinosus ;  1,  the  popliteal  artery ;  2,  3,  the  superficial 
sural  branches  ;  4,  the  outer,  5,  the  inner  superior 
articular  branch  ;  6,  the  superior  muscular ;  7,  the 
inferior  muscular  or  deep  sural  branches. 

(b)  The  inferior  muscular  branches,  or  sural  arteries, 
usually  two  in  number,  and  of  considerable  size,  arise 
from  the  back  of  the  popliteal  artery,  opposite  the 
knee-joint,  and  enter,  one  the  outer  and  the  other  the 
inner  head  of  the  gastrocnemius  muscle,  which  they 
supply,  as  well  as  the  fleshy  part  of  the  plantaris 
muscle. 

Over  the  surface  of  the  gastrocnemius  will  be  found 
at  each  side,  and  in  the  middle  of  the  limb,  slender 
branches,  which  descend  a  considerable  distance  along 
the  calf  of  the  leg,  and  end  in  the  integument.  These 
small  vessels  .(superficial  surall  arise  separately  from 
the  popliteal  artery,  or  from  some  of  its  branches. 

2.  The  articular  arteries.     Two  of  these  pass 
off"  nearly  at  right  angles  from  the  popliteal 
artery,  one  to  each  side,  above  the  flexure  of 
the  joint,  whilst  two  have  a  similar  arrange- 
ment below  it,  and  a  fifth  passes  from  behind  into  the  centre  of  the  joint. 

(a)  The  upper  internal  articular  artery  winds  round  the  femur  just  above 
the  inner  condyle  ;  and,  passing  under  the  tendon  of  the  great  adductor  and 
the  vastus  internus,  divides  into  two  branches  :  one  of  these,  comparatively 
superficial,  enters  the  substance  of  the  vastus,  and  inosculates  with  the  anas- 
tomotic branch  of  the  femoral,  and  with  the  lower  internal  articular  artery. 
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The  other  branch  runs  close  to  the  femur,  ramifies  upon  it,  and  also  on 
the  knee-joint,  and  communicates  with  the  upper  external  articular  artery. 

(6)  The  upper  external  articular  artery  passes  outwards  a  little  above 
the  outer  condyle  of  the  femur,  under  cover  of  the  biceps  muscle,  and, 
after  perforating  the  intermuscular  septum,  divides  into  a  superficial  and  a 
deep  branch.  The  latter,  lying  close  upon  the  femur,  spreads  branches 
upon  it  and  the  articulation,  and  communicates  with  the  preceding  vessel, 
with  the  anastomotic  of  the  femoral,  and  with  the  lower  external  articular 
artery  ;  the  superficial  branch  descends  through  the  vastus  to  the  patella, 
anastomosing  with  other  branches  and  assisting  in  the  supply  of  the  joint. 

(c)  The  lower  internal  articular  artery  passes  downwards  below  the 
internal  tuberosity  of  the  tibia,  lying  between  the  bone  and  the  internal 
lateral  ligament  ;  its  branches  ramify  on  the  front  and  inner  part  of  the 
joint,  as  far  as  the  patella  and  its  ligament. 

(d)  The  lower  external  articular  artery  takes  its  course  outwards,  under 
cover  of  the  outer  head  of  the  gastrocnemius  in  the  first  iustance,  and 
afterwards  under  the  external  lateral  ligament  of  the  knee  and  the  tendon 
of  the  biceps  muscle,  passing  above  the  head  of  the  fibula.  Having  reached 
the  fore  part  of  the  joint,  it  divides  near  the  patella  into  branches"  some  of 
which  communicate  with  the  lower  articular  artery  of  the  opposite  side,  and 
with  the  recurrent  branch  from  the  anterior  tibial  ;  whilst  others  ascend, 
and  anastomose  with  the  upper  articular  arteries. 

In  this  manner  the  four  articular  branches  form  at  the  front  and  sides  of 
the  knee-joint  a  close  network  of  vessels. 


Fig.  303. 


Fig.  S03.  —  Anterior  view  op  the  Dhep  Arterial 
Branches  surrounding  the  Knee-Joint  and  their 
Anastomoses  (from  TiedeinaDn).  .} 

a,  the  patellar  articular  surface  of  the  femur  ;  b  the 
Posterior  or  cartilaginous  surface  of  the  patella  which, 
w.th  the  ligamentum  patellae,  has  been  turntd  down  •  c 
the  head  of  the  fibula;  1,  and  2,  branches  of  the  internal 
superior  articular  branch  of  the  popliteal  ramifying  on 
the   periosteum    and   anastomosing    with    the  external 

within  and  below  the  joint;  4,  branches  of  the  internal 
inferior  articular;  5,  external  inferior  articular-  6  re- 
current of  the  anterior  tibial  artery. 

(e)  The  middle  or  azycjos  articular  artery,  is  a 
small  branch  which  arises  opposite  the  flexure  of 
the  joint  and,  piercing  the  posterior  ligament, 
supplies  the  crucial  ligaments  and  other  structures 
within  the  articulation. 

Peculiarities -Deviations  from  the  ordinary  condi 

x;^to  - 

consists  in  its  high   Si visbn   \2  Zr\ 
Such  an  early  divisfon  Is  Teen  otdtS? 
frequently  opposite  the  flexuj  of  3? T&t  , 
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branches,  especially  from  the  upper  and  external  branch.  There  are  sometimes 
several  small  middle  articular  branches. 

POSTERIOR  TIBIAL  ARTERY. 

The  posterior  tibial  artery  is  situated  along  the  back  part  of  the  leg, 
between  the  superficial  and  deep  layers  of  muscles,  and  is  firmly  bound 
down  to  the  deep  muscles  by  the  fascia  which  covers  them.  It  extends 
from  the  lower  border  of  the  popliteus  muscle,  where  it  is  continuous  with 
the  popliteal  artery,  down  to  the  inner  side  of  the  calcaneum,  where  it 
terminates  beneath  the  origin  of  the  abductor  pollicis  muscle  by  dividing 
into  the  external  and  internal  plantar  arteries. 

Placed  at  its  origin  opposite  the  interval  between  the  tibia  and  fibula, 
it  approaches  the  inner  side  of  the  leg  as  it  descends,  and  lies  behind  the 
tibia  ;  at  its  lower  end  it  is  placed  midway  between  the  inner  malleolus 
and  the  prominence  of  the  heel.  Very  deeply  seated  at  the  upper  part, 
where  it  is  covered  by  the  fleshy  portion  of  the  gastrocnemius  and  soleus 
muscles,  it  becomes  comparatively  superficial  towards  the  lower  part,  being 
there  covered  only  by  the  integument  and  two  layers  of  fascia,  and  by  the 
annular  ligament  behind  the  inner  malleolus.  It  lies  successively  upon  the 
tibialis  posticus,  the  flexor  longus  digitorum,  and,  at  its  lower  end,  directly 
on  the  tibia  and  the  ankle-joint.  Behind  the  ankle,  the  tendons  of  the  tibialis 
posticus  and  flexor  longus  digitorum  lie  between  the  artery  and  the  internal 
malleolus  ;  whilst  the  tendon  of  the  flexor  longus  pollicis  is  to  the  outer 
side  of  the  artery. 

Relation  to  the  Veins  and  Nerve. — The  posterior  tibial  artery,  like  the 
other  arteries  below  the  knee,  is  accompanied  by  two  vence  comites.  The 
posterior  tibial  nerve  is  at  first  on  the  inner  side  of  the  artery,  but  in  the 
greater  part  of  its  course  the  nerve  is  close  to  the  outer  side  of  the  vessel. 

Branches.  — The  posterior  tibial  artery  furnishes  numerous  small  branches, 
and  one  large  branch — the  peroneal  artery. 

Small  Branches. — (a)  Several  muscular  branches  arise  from  the  posterior  tibial 
artery,  and  are  distributed  principally  to  the  deep-seated  muscles  in  its  neighbour- 
hood, besides  one  or  two  of  considerable  size  to  the  inner  part  of  the  soleus  muscle. 

(b)  The  nutrient  artery  of  the  tibia,  which  is  the  largest  of  its  kind  in  the  body, 
arises  from  the  posterior  tibial  artery  near  the  commencement,  and,  after  giving 
small  branches  to  the  muscles,  enters  the  nutrient  foramen  in  the  bone,  and  ramifies 
on  the  medullary  membrane.  This  vessel  not  unfrequently  arises  from  the  anterior 
tibial  artery. 

(c)  A  comimcn  icating  branch  from  the  peroneal  artery,  passing  transversely,  joins 
the  posterior  tibial  about  two  inches  above  the  ankle-joint. 

i 

The  Peroneal  Artery  lies  deeply  along  the  back  part  of  the  leg,  close 
to  the  fibula.  Arising  from  the  posterior  tibial  artery  about  an  inch  below 
the  lower  border  of  the  popliteus  muscle,  it  inclines  at  first  obliquely 
towards  the  fibula,  and  then  descends  nearly  perpendicularly  along  that  boue 
and  behind  the  outer  ankle,  to  reach  the  side  of  the  os  calcis.  In  the 
upper  part  of  its  course,  this  artery  is  covered  by  the  soleus  muscle  and  the 
deep  fascia,  and  afterwards  by  the  flexor  longus  pollicis,  which  is  placed  over 
it  as  far  as  the  outer  malleolus  ;  below  this  point,  the  vessel  is  covered  only 
by  the  common  integument  and  the  fascia.  The  peroneal  artery  rests  at 
first  against  the  upper  part  of  the  tibialis  posticus  muscle,  and  afterwards  in 
the  greater  part  of  its  course,  it  is  surrounded  by  fibres  of  the  flexor  longus 
pollicis,  lying  close  inside  the  projecting  posterior  ridge  of  the  fibula.  De- 
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scending  beyond  the  outer  malleolus,  it  terminates  in  branches  on  the  outer 
surface  and  back  of  the  os  calcis. 


Fig.  304.— Deep  posterior  view  oj  me  Arteries  op  Fig.  304. 

the  Leo  (from  Tiedemann).  j 

a,  insertion  of  the  adductor  magnus  muscle  ;  5,  origin 
of  the  inner  head  of  the  gastrocnemius ;  c,  outer  head 
and  plantaris  ;  d,  tendon  of  the  semimembranosus 
muscle;  e,  popiiteus;  /,  upper  part  of  the  soleus  divided 
below  its  origin  from  the  head  of  the  fibula  ;  g,  peroneus 
longus ;  h,  flexor  longus  pollicis  ;  i,  flexor  communis 
digitorum  ;  1,  upper  part  of  the  popliteal  artery  ;  2, 
origin  of  tbe  superior  articular  branches ;  3,  origin  of 
the  inferior  articular  branches ;  the  middle  or  azygos 
branch  is  seen  between  these  numbers ;  4,  division  of 
the  popliteal  artery  into  anterior  and  posterior  tibial 
arteries  ;  5,  5',  posterior  tibial ;  6,  peroneal  artery ;  6',  I 
its  continuation  as  posterior  peroneal ;  between  5',  and 
6',  the  communicating  branch ;  7,  calcaneal  branches  ;  8, 
external  branches  of  the  metatarsal  of  the  dorsalis  pedis 
artery. 

The    peroneal    artery  gives    off   the  following 
branches : — 

(a)  Muscular  branches  from  the  upper  part  of  the 
peroneal  artery  pass  to  the  soleus,  the  tibialis  posticus, 
the  flexor  longus  pollicis,  and  the  peronei  muscles. 

(6)  A  nutrient  artery  enters  the  fibula. 

(c)  The  anterior  peroneal  artery  arises  about  two 
inches  above  the  outer  malleolus,  and  immediately 
piercing  the  interosseous  membrane,  descends  along 
the  front  of  the  fibula,  covered  by  the  peroneus  tertius 
muscle,  and  dividing  into  branches,  reaches  the  outer 
ankle,  and  anastomoses  with  the  external  malleolar 
branch  of  the  anterior  tibial  artery.  It  supplies  vessels 
to  the  ankle-joint,  and  ramifies  on  the  front  and  outer 
side  of  the  tarsus,  inosculating  more  or  less  freely  with 
the  tarsal  arteries. 

{d)  The  terminal  branches  anastomose  with  the 
external  malleolar  and  with  the  tarsal  arteries  on  the 
outer  side  of  the  foot ;  aud  behind  the  os  calcis  with 
ramifications  of  the  posterior  tibial  artery. 

(e)  The  communicating  branch,  lying  close  behind 
the  tibia,  about  two  inches  from  its  lower  end,  is  a 
transverse  branch  situated  close  to  the  bones,  which 
connects  the  peroneal  with  the  posterior  tibial  artery. 

Peculiarities.— The  posterior  tibial  artery,  as  well  liiHOMfM-^' 
as  the  anterior  tibial,  is  lengthened  in  those  instances 
in  which  the  popliteal  artery  divides  higher  up  than 
usual.  Not  unfrequently  the  posterior  tibial  artery  is 
diminished  in  size,  and  is  subsequently  reinforced 
either  by  a  transverse  branch  from  the  peroneal  in  the 
lower  part  of  the  leg,  or  in  rare  instances,  by  two  trans- 
verse vessels,  one  crossing  close  to  the  bone,  and  one 
over  the  deep  muscles.  In  other  instances  the  posterior 
tibial  may  exist  only  as  a  short  muscular  trunk  in  the 
upper  part  of  the  leg,  while  an  enlarged  peroneal 
artery  takes  its  place  from  above  the  ankle  downwards  into  the  foot 
>Lhc  peroneal  artery  has  been  found  to  arise  lower  down 


in  usual,  about  three 
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inches  below  the  popliteus  muscle  ;  and,  on  the  contrary,  it  sometimes  commences 
higher  up  from  the  posterior  tibial,  or  even  from  the  popliteal  artery  itself.  In 
some  cases  of  high  division  of  the  popliteal  artery,  the  peroneal  artery  is  trans- 
ferred to  the  anterior  tibial.  It  more  frequently  exceeds  than  falls  short  of  the 
ordinary  dimensions,  being  enlarged  to  reinforce  the  posterior  tibial.  In  those  rare 
instances  in  which  it  is  lost  before  reaching  the  lower  part  of  the  leg,  a  branch  of  the 
posterior  tibial  takes  its  place.  The  anterior  peroneal  branch  is  sometimes  enlarged  to 
compensate  for  the  small  size  of  the  anterior  tibial  artery  in  the  lower  part  of  the 
leg,  or  to  supply  the  place  of  that  artery  on  the  dorsum  of  the  foot ;  or  it  may  be 
absent  and  be  replaced  by  the  anterior  tibial.  In  a  singular  case,  recorded  by  Otto, 
the  peroneal  artery  was  wholly  wanting. 

PLANTAR  ARTERIES. 

The  external  and  internal  plantar  arteries  are  the  branches  into  which  the 
posterior  tibial  divides  in  the  hollow  of  the  calcaneum,  where  it  is  covered 
by  the  origin  of  the  abductor  pollicis. 

Fig  305.  Fig.  305— Superficial  view  op  TnE  Arteries  in 

the  Sole  of  the  Right  Foot  (from  Tiedemanu).  £ 

a,  tuberosity  of  the  calcaneum  close  to  the  origin  of 
the  flexor  brevis  digitorum  (cut  short)  and  the  ab- 
ductor pollicis,  of  which  a  part  is  removed  to  show 
the  long  flexor  tendous  and  plantar  arteries  ;  b,  ab- 
ductor pollicis  ;  c,  abductor  minimi  digiti ;  d,  tendon 
of  the  flexor  pollicis  longus  ;  e,  tendon  of  the  flexor 
communis  longus  ;  e',  its  four  slips,  close  to  the  lum- 
bricales  muscles,  passing  on  to  perforate  the  tendous 
of  the  flexor  brevis  ;  /,  flexor  accessorius  ;  g,  flexor 
brevis  miuimi  digiti  :  1,  posterior  tibial  dividing  into 
the  plantar  arteries  ;  2,  2',  external  plantar  ;  3,  in- 
ternal plantar  ;  3',  the  same  passing  forward  to  com- 
municate with  4,  the  internal  plantar  digital  branch 
for  the  great  toe  ;  5,  first  digital  or  external  plantar 
branch  to  the  fifth  toe ;  6,  placed  in  the  angle 
of  division  of  the  second  plantar  digital  artery, 
between  the  fourth  and  fifth  toes  ;  7,  the  third 
plantar  digital  artery  dividing  similarly  between  the 
third  and  fourth  toes  ;  8,  the  fourth  plantar  digital 
artery  dividing  similarly  between  the  second  and  third 
toes ;  9,  the  plantar  digital  artery  dividing  similarly 
between  the  first  and  second  toes  ;  10,  internal  plantar 
artery  of  the  great  toe  ;  11,  calcaneal  branches  of  the 
plantar  arteries,  anastomosing  with  12,  the  calcaneal 
branches  of  the  posterior  peroneal  artery. 

The  internal  plantar  artery,  much  smaller 
than  the  external,  is  directed  forwards,  along 
the  inner  side  of  the  foot.  Placed  at  first 
under  cover  of  the  abductor  pollicis,  it  passes 
forwards  in  the  groove  between  that  muscle 
and  the  short  flexor  of  the  toes,  near  the  line  separating  the  middle  from 
the  inner  portion  of  the  plantar  fascia,  and  on  reaching  the  extremity  of 
the  first  metatarsal  bone,  considerably  diminished  in  size,  it  terminates  by 
running  along  the  inner  border  of  the  great  toe,  anastomosing  with  the 
digital  branches. 


Branches. — The  internal  plantar  artery  gives  off  numerous  small  twigs,  which 
ay  be  distinguished  in  sets  as  follows:—  («)  muscular  branches  to  the  abductor 
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pollicis  and  flexor  brevis  digitoruni  ;  (b)  offsets  which  incline  towards  the  inner 
border  of  the  foot,  and  communicate  with  branches  of  the  dorsal  arteries  ; 
and  (c)  cutaneous  offsets  which  appear  in  the  furrow  between  the  middle  and  inner 
portions  of  the  plantar  fascia. 

The  external  plantar  artery,  of  considerable  size,  at  first  inclines  outwards 
and  then  forwards,  to  reach  the  base  of  the  fifth  metatarsal  bone  :  it  then 
turns  obliquely  inwards  across  the  foot,  to  gain  the  interval  between  the 
bases  of  the  first  and  second  metatarsal  bones,  where  it  joins,  by  a  com- 
municating branch,  with  the  dorsal  artery  of  the  foot  ;  and  thus  is  com- 
pleted the  plantar  arch,  the  convexity  of  which  is  turned  forward.  At 
first  the  artery  is  placed,  together  with  the  external  plantar  nerve,  between 
the  calcaneum  and  the  abductor  pollicis  ;  further  on  it  lies  between  the 
flexor  brevis  digitorum  and  flexor  accessorius.  As  it  turns  forwards  it  lies 
in  the  interval  between  the  short  flexor  of  the  toes  and  the  abductor  of  the 
little  toe,  being  placed  along  the  line  separating  the  middle  from  the  external 
portion  of  the  plantar  fascia,  and  covered  by  that  membrane.  The  re- 
mainder of  the  artery,  which  turns  inwards  and  forms  the  plantar  arch,  is 
placed  deeply  against  the  interosseous  muscles,  and  is  covered  by  the  flexors 
of  the  toes  and  the  lumbricales  muscles. 

Branches. — 

A.  In  its  course  to  the  fifth  metacarpal  bone  the  external  plantar  artery  gives 
off  («)  branches  to  the  skin  of  the  heel ;  (b)  numerous  muscular  branches  j  (c)  small 


Fig.  306. 


Fig.  306. — Deep  view  op  the  Arteries  in  TnE  Sole 
op  the  Right  Foot  (from  Tiedemanu).  ^ 

All  the  muscles  have  been  removed,  a,  the  calcaneal 
tuberosity ;  b,  the  scaphoid  bone  and  end  of  the  calcaneo- 
scaphoid  ligament;  c,  to  a,  calcaneocuboid  ligament; 
d,  its  deep  part ;  e,  scaphoido-cuneiform  ligament ;  /, 
one  of  the  sesamoid  bones  of  the  great  toe  ;  1,  posterior 
tibial  artery  dividing  into  the  plantar  arteries  ;  2,  2', 
external  plantar  artery  ;  2',  2",  deep  plantar  arch  termi- 
nating by  communication  with  the  dorsal  artery  of  the 
foot  ;  3,  3',  internal  plantar  artery ;  3",  its  com- 
munication with  the  internal  digital  of  the  great  toe  ;  4, 
branches  of  the  internal  plantar  to  the  inside  of  the  foot ; 

5',  first  digital  or  external  plantar  branch  of  the  fifth 
toe  ;  6,  second  plantar  digital  artery  ;  6',  interval  of  the 
division  of  the  same  between  the  fourth  and  fifth  toes  • 
7,  third  plantar  digital ;  7',  its  distribution  to  the  third 
and  fourth  toes;  8,  fourth  plantar  digital;  8',  its  dis- 
tribution to  the  second  and  third  toes  ;  9,  fifth  plantar 
digital  ;  9,  its  distribution  to  the  first  and  second  toes  • 
10,  internal  plantar  digital  branch  of  the  great  toe  '■ 
at  the  upper  numbers,  6,  7,  and  8,  the  posterior  per- 
forating branches  of  the  interosseous  arteries  are  par- 
tially indicated  ;  at  2",  the  large  communication  between 
the  plantar  arch  and  the  dorsalis  pedis  artery  ;  above 
0,  J,  and  8,  are  situated  the  anterior  perforating 
arteries   not  represented  in  the  figure  ;  11    and  12 

arteries  °f  ^  P'antai'  aDd  P°steri"r  Pe™^ 


offsets  which  run  outwards  over  the  border  of  the  foot 
and  anastomose  with  the  dorsal  arteries ;  and  (d)  othC,4 
which  appear  in  the  furrow  between  the  mil Ai.  , 

fascia.  uwween  tlie  middle  and  outer  divisions  of  the  plantar 
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bT&nchel°m  ^  Plantar  anh  are  given  off  the  following  more  important 

(a)  The  posterior  perforating  branches,  three  in  number,  pass  upwards 
through  the  back  part  of  the  three  outer  interosseous .  spaces,  between  the 
heads  of  the  dorsal  interosseous  muscles,  and  on  reaching  the  dorsum  of  the 
foot  inosculate  with  the  interosseous  branches  of  the  metatarsal  artery. 

(b)  The  digital  branches  are  four  in  number.  The  first  digital  branch 
inclines  outwards  from  the  outermost  part  of  the  plantar  arch,  opposite  the 
end  of  the  fourth  metatarsal  space,  crosses  under  cover  of  the  abductor 
minimi  digiti,  and  runs  along  the  outer  border  of  the  phalanges  of  the  little 
toe.  The  second  digital  branch  passes  forwards  along  the  fourth  metatarsal 
space,  and  near  the  cleft  between  the  fourth  and  fifth  toes  divides  into  two 
vessels,  which  course  along  the  contiguous  borders  of  those  toes,  and  end  on 
the  last  phalanges.  The  third  digital  branch  is  similarly  disposed  of  on  the 
fourth  and  third  toes.  The  fourth  ends  in  like  manner  on  the  third  and 
second  toes. 

The  digital  artery  which  supplies  the  opposed  sides  of  the  first  and  second 
toes,  and  that  which  runs  on  the  inner  side  of  the  first  toe,  arise  deeply 
between  the  first  and  second  metatarsal  bones,  usually  from  that  part  of  the 
arch  which  is  formed  by  the  end  of  the  dorsal  artery  of  the  foot. 

Thus,  as  in  the  fingers,  collateral  arteries  pass  along  the  sides  of  the  flexor 
surface  of  each  of  the  toes.  Near  the  base  of  the  last  phalanx  these 
inosculate  so  as  to  form  an  arch,  from  the  convexity  of  which  minute  vessels 
pass  forwards  to  the  extremity  of  the  toe,  and  to  the  matrix  of  the  nail. 

An  anterior  perforating  branch  is  sent  upwards  by  each  of  the  digital  arteries 
of  the  three  outer  interspaces  near  its  bifurcation,  to  communicate  with  the  corre- 
sponding digital  branch  of  the  metatarsal  artery  of  the  dorsum  of  the  foot. 

Peculiarities.— The  posterior  perforating  branches,  which  arc  usually  very  small 
vessels,  are  sometimes  enlarged,  and  furnish  the  interosseous  arteries  on  the  upper 
surface  of  the  foot ;  the  metatarsal  branch  of  the  dorsal  artery,  from  which  the  inter- 
osseous arteries  are  usually  derived,  being  in  that  case  very  small. 

ANTERIOR  TIBIAL  ARTERY. 

The  anterior  tibial  artery,  placed  along  the  fore  part  of  the  leg,  is  at  first 
deeply  seated,  but  gradually  approaches  nearer  to  the  surface  as  it  descends. 
It  extends  from  the  division  of  the  popliteal  artery  to  the  bend  of  the 
ankle  whence  it  is  afterwards  prolonged  to  the  interval  between  the  first 
and  second  metatarsal  bones,  under  the  name  of  dorsal  artery  of  the  foot. 

The  anterior  tibial  artery  is  at  first  directed  forwards  to  reach  the  anterior 
surface  of  the  interosseous  ligament,  passing  through  the  divided  upper  end 
of  the  tibialis  posticus,  and  through  the  interval  left  unoccupied  by  the  in- 
terosseous ligament.  It  then  extends  obliquely  downwards  to  the  middle  of 
the  ankle-joint,  in  a  direction  which  may  be  nearly  indicated  by  a  line 
drawn  from  the  inner  side  of  the  head  of  the  fibula  to  midway  between  the 
two  malleoli.  Lying  with  the  tibialis  anticus  on  its  inner  side,  and  having 
the  extensor  communis  digitorum  and,  lower  down,  the  extensor  proprius 
pollicis  on  its  outer  side,  the  vessel  is  deeply  placed  at  the  upper  part  of 
the  leg,  where  those  muscles  are  fleshy  ;  but  it  is  comparatively  superficial 
below,  between  their  tendons,  and  comes  forward  upon  the  tibia.  At  the 
bend  of  the  ankle  it  is  covered  by  the  annular  ligament,  and  is  crossed  from 
without  inwards  by  tho  tendon  of  the  extensor  proprius  pollicis.    In  its 
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oblique  courso  downwards  the  anterior  tibial  artery  lies  at  first  close  to  the 

Fig.  307. — Anterior  view  op  tiie  Akteries  of  the  Fi".  307. 

Leo  and  Dorsuai  or  the  Four  (from  Tiedemann)  \ 
The  tibialis  anticus  muscle  is  drawn  towards  the  inner 
side  so  as  to  bring  the  anterior  tibial  artery  into  view, 
the  extensor  proprius  pollicis,  the  long  common  extensor 
of  the  toes,  and  the  peroneus  tertius  muscles  in  their 
lower  part,  and  the  whole  of  the  extensor  communis 
brevis,  have  been  removed.  1,  external  superior  articular 
branch  of  the  popliteal  artery,  ramifying  on  the  parts 
surrounding  the  knee  ;  and  anastomosing  with  the  other 
articular  branches  and  with  2,  the  recurrent  branch  of 
the  autenor  tibial  artery  ;  3,  3,  anterior  tibial,  giving  off 
muscular  branches  on  each  side  ;  4,  dorsal  artery  of 
the  foot  ;  o,  external  anterior  malleolar  artery  coming 
off  from  the  anterior  tibial,  and  anastomosing  with 
the  anterior  peroueal  artery  which  is  seeu  descending 
upon  the  lower  part  of  the  fibula  :  the  internal  malleolar 
is  represented  proceeding  from  the  other  side  of  the 
anterior  tibial  artery  ;  6,  the  tarsal  branch  of  the  dorsal 

artery,  represented  in  this  instance  as  larger  than  usual  [Ml    //  /  II KM 

and  furnishing  some  of  the  branches  of  the  next  artery  ; 
7,  the  metatarsal  branch,  giving  off  the  dorsal  inter- 
osseous arteries ;  (in  the  first  interosseous  space  the  dorsal 
artery  of  the  foot  is  seen  to  give  off  the  anastomosing 
branch  which  unites  with  the  deep  plantar  arch  ;)  be- 
tween 8,  and  8,  the  collateral  branches  of  the  dorsal 
digital  arteries. 

interosseous  ligament,  and  is  then  at  a  con- 
siderable distance  from  the  spine  of  the  tibia  • 
but  m  descending  it  gradually  approaches  that 
ndge,  and  towards  the  lower  part  of  the  lea-  is 
supported  on  the  anterior  surface  of  the  bone° 

Relation  to  Veins  and  Nerves!— The  anterior 
tibial  artery  is  accompanied  by  two  veins  (vense 
comites).  The  anterior  tibial  nerve,  coining 
Irom  the  outer  side  of  the  head  of  the  fibula* 
approaches  the  artery  at  some  distance  below  the 
Place  where  the  vessel  appears  in  front  of  the 
interosseous  ligament.  Lower  down,  the  nerve 
tor  the  most  part  lies  in  front  of  the  artery 
but  often  changes  its  position  from  the  one  side 
oi  the  vessel  to  the  other. 

Bkanches. -Besides  numerous  small  muscu- 
lo      1° auturior  tibial  to"- 

(a)  The  recurrent  artery,  given  oft"  as  soon  as 
the  anterior  tibial  reaches  the  front  of  the  leg 
ascends  through  the  fibres  of  the  tibialis  anticus' 
and,  ramifying  on  the  outside  and  front  of  the 
knee-joint  anastomoses  with  the  inferior  articu! 
iar  and I  other  branches  of  the  popliteal  artery 

(6)  The  malleolar  arteries,  two  in  number 
external  and  internal,  are  given  off  ueaTtte 
ankle-joint,  but  are  very  variable  l  Z  aid 
rnodo  of  orunu.    The  inhn-^ni  i  , 

=        Ihe  vntemal  branch  passes  beneath  the  tendon  of  the 
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tibialis  anticus  to  the  inner  ankle,  .and  communicates  with  branches  of  the 
posterior  tibial  artery.  The  external  branch  passes  outwards  under  the 
tendon  of  the  common  extensor  of  the  toes,  and  anastomoses  with  the 
anterior  division  of  the  peroneal  artery,  and  also  with  some  ascending  or 

recurrent  branches  from  the  tarsal  branch  of  the  dorsal  artery  of  the  foot.  

These  malleolar  arteries  supply  articular  branches  to  the  neighbouring  joints. 


DORSAL  ARTERY  OF  THE  FOOT. 

The  dorsal  artery  of  the  foot  (dorsalis  pedis),  the  continuation  of  the 
anterior  tibial  artery,  extends  from  the  termination  of  that  vessel  at  the 
bend  of  the  ankle,  to  the  posterior  end  of  the  first  metatarsal  space.  At 
this  spot  it  divides  into  two  branches,  of  which  one  proceeds  forwards  in  the 
first  interosseous  space,  whilst  the  other  dips  into  the  sole  of  the  foot,  and 
terminates  by  inosculating  with  the  plantar  arch.  The  dorsal  artery  of  the 
foot  lies  in  the  interval  between  the  tendon  of  the  proper  extensor  of  the 
great  toe,  and  that  of  the  long  extensor  of  the  other  toes  ;  and  is  covered 
by  a  deep  layer  of  fascia,  which  binds  it  to  the  parts  beneath.  Near  its 
end  it  is  crossed  by  the  innermost  tendon  of  the  short  extensor  of  the  toes. 

Two  veins  accompany  this  artery  ;  the  anterior  tibial  nerve  lies  on  its 
outer  side. 

Branches. — The  principal  branches  of  the  dorsal  artery  of  the  foot  are 
directed  outwards  and  forwards  upon  the  tarsus  and  metatarsus,  and  are 
named  accordingly.  Some  small  offsets  also  run  obliquely  inwards,  and 
ramify  upon  the  inner  side  of  the  foot. 

(a)  The  tarsal  branch  arises  from  the  artery  usually  where  it  crosses  the 
scaphoid  bone,  but  its  point  of  origin  varies  in  different  instances.  It  inclines 
forwards  and  outwards  upon  the  tarsal  bones  covered  by  the  short  extensor 
muscle  of  the  toes,  then  curving  backwards  towards  the  cuboid  bone, 
divides  into  branches  which  take  different  directions  over  the  tarsus. 

The  branches  supply  the  extensor  brevis  digitorum  muscle  and  the  tarsal 
joints,  and  anastomose  with  the  external  plantar,  the  metatarsal,  the 
external  malleolar,  and  the  peroneal  arteries. 

(b)  The  metatarsal  artery  arises  farther  forwards  than  the  pi'eceding 
vessel,  and  is  directed  outwards  like  it,  beneath  the  short  extensor  muscle. 
Sometimes  there  are  two  metatarsal  arteries,  the  second  being  of  smaller 
size  ;  and  not  unfrequently,  when  there  is  but  a  single  vessel  of  this  name, 
it  arises  iu  common  with  the  tarsal  artery.  Its  direction  is  necessarily  in- 
fluenced by  these  circumstances  ;  being  oblique  when  it  arises  far  back,  and 
almost  transverse  when  its  origin  is  sitiiated  farther  forwards  than  usual. 
It  anastomoses  with  the  tarsal  and  external  plantar  arteries,  and  gives  off 
interosseous  branches. 

The  three  interosseous  branches  from  the  metatarsal  artery  are  small  straight 
vessels  which  pass  forwards  along  the  three  outer  interosseous  spaces,  resting  upon 
the  dorsal  interosseous  muscles.  Somewhat  behind  the  clefts  between  the  toes  each 
divides  into  two  branches,  which  run  forward  along  the  contiguous  borders  of  the 
corresponding  toes,  forming  their  dorsal  collateral  branches.  Moreover,  from  the 
outermost  of  these  interosseous  arteries  a  small  branch  is  given  off,  which  gains  the 
outer  border  of  the  little  toe.  and  forms  its  external  collateral  branch.  These  arte- 
ries communicate  with  the  plantar  arch  opposite  the  fore  part  of  the  interosseous 
spaces,  by  means  of  the  anterior  perforating  branches,  and  at  the  back  part  of  the 
interosseous  spaces,  by  the  posterior  perforating  branches. 
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(c)  The  first  interosseous  branch,  or  dorsal  artery  of  the  great  toe, 


Fig.  308. 


Fig.  308. — Anterior  vieiv  op  tfie  Arteries  of  the 
Leo  and  Dorsum  op  the  Foot  (from  Tiedemaun).  \ 
The  tibialis  antiens  muscle  is  drawn  towards  the  inner 
side  so  as  to  bring  the  anterior  tibial  artery  into  view, 
the  extensor  proprius  pollicis,  the  long  common  extensor 
of  the  toes,  and  the  peroneous  tertius  muscles  in  their 
lower  part,  an  I  the  whole  of  the  extensor  communis 
brevis,  have  been  removed.  1,  external  superior  articular 
branch  of  the  popliteal  artery,  ramifying  on  the  parts 
surrounding  the  knee  ;  and  anastomosing  with  the  other 
articular  branches  and  with  2,  the  recurrent  branch  of 
the  anterior  tibial  artery;  3,  3,  anterior  tibial,  giving 
off  muscular  branches  on  each  side  ;  4,  dorsal  artery 
of  the  foot ;  5,  external  anterior  malleolar  artery  coming 
off  from  the  anterior  tibial  and  anastomosing  with 
the  anterior  peroneal  artery  which  is  seen  descending 
upon  the  lower  part  of  the  fibula  :  the  internal  malleolar 
is  represented  proceeding  from  the  other  side  of  the 
anterior  tibial  artery  ;  6,  the  tarsal  branch  of  the  dorsal 
artery,  represented  in  this  instance  as  larger  than  usual 
and  furnishing  some  of  the  branches  of  the  next  artery  : 
7,  the  metatarsal  branch,  giving  off  the  dorsal  inter- 
osseous arteries  ;  (in  the  first  interosseous  space  the 
dorsal  artery  of  the  foot  is  seen  to  give  off  the  anasto- 
mosing branch  which  unites  with  the  deep  plantar  arch  •) 
between  8  and  8,  the  collateral  branches  of  the  dorsal 
digital  arteries. 

tinued  forwards  from  the  dorsal  artery  of  the 
foot  at  the  point  where  it  dips  down  to  the 
sole.  This  branch  runs  along  the  outer  surface 
of  the  first  metatarsal  bone,  and  furnishes  the 
small  dorsal  digital  vessels  of  the  great  toe  and 
adjacent  side  of  the  second  toe. 

(d)  The  plantar  digital  branch  of  the  innermost 
space,  given  off  from  the  dorsal  artery  between 
the  heads  of  the  first  interosseous  muscle,  near 
the  inosculation  with  the  plantar  arch,  passing 
forwards  divides  into  two  smaller  branches  which 
proceed  along  the  contiguous  sides  of  the  first 
and  second  toe. 
_  (e)  The  plantar  digital  branch  for  the  inner 
side  of  the  great  toe  crosses  beneath  the  first 
metatarsal  bone,  and  runs  along  the  inner  side  of 
the  great  toe  on  its  plantar  surface. 


Peculiarities  of  the  anterior  tibial  arte,;,.  Oriain 
-In  cases  of  early  division  of  the  popliteal  artery,  the 
p  ace  ot  origin  of  the  anterior  tibial  is  necessari  h 
h.g ;her  up  than  usual,  being  sometimes  founc  as  a  " h 
as  the  bend  of  the  knee-joint.    In  some  of  these  ease 

he  posterior  tibial  artery  being  small  or  want ff 
the  anterior  tibial  is  conjoined  with  the  pero  c°  1 
artery    When  the  anterior  tibial  arises  hJgffthan 
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Course. — The  anterior  tibial  artery,  having  its  usual  place  of  origin,  has  been 
found  to  deviate  outwards  towards  the  margin  of  the  fibula  in  its  course  along  the 
front  of  the  leg,  and  then  to  return  to  its  ordinary  position  beneatli  the  annular 
ligament  in  front  of  the  ankle-joint.  This  artery  has  been  also  noticed  by  Pelletan 
and  by  Velpeau  to  approach  the  surface  at  the  middle  of  the  leg,  and  to  continue 
downwards  from  that  point,  covered  only  by  the  fascia  and  integument.  Velpeau 
states  that  he  found  the  artery  to  reach  the  fore  part  of  the  leg  by  passing  round  the 
outer  side  of  the  fibula.  (Pelletan,  "  Clinique  Chirurgicale,"  &c,  p.  101 :  Paris, 
1810.  Velpeau,  "  Nouveaux  Elemens  de  Medecine  Operatoire,"  &c,  t.  i ,  pp.137 
and  537  :  Paris,  1837.) 

Size. — This  vessel  more  frequently  undergoes  a  diminution  than  an  increase  of 
size. 

It  may  be  defective  in  various  degrees.  Thus,  the  dorsal  branch  of  the  foot  may 
fail  to  give  off  digital  branches  to  the  great  and  second  toes,  which  may  be  then 
derived  from  the  internal  plantar  division  of  the  posterior  tibial.  In  a  farther  degree 
of  diminution  the  anterior  tibial  ends  in  front  of  the  ankle  or  at  the  lower  part  of 
the  leg ;  its  place  being  then  taken  by  the  anterior  division  of  the  peroneal  artery, 
which  supplies  the  dorsal  artery  of  the  foot ;  the  two  vessels  (anterior  tibial  and 
anterior  peroneal)  being  either  connected  together  or  separate. 

Two  eases  are  mentioned  by  Allan  Burns,  in  which  the  anterior  tibial  artery  was 
altogether  wanting,  its  place  in  the  leg  being  supplied  by  perforating  branches  from 
the  posterior  tibial  artery,  and  on  the  dorsum  of  the  foot  by  the  anterior  division  of 
the  peroneal  artery. 

The  dorsal  artery  of  the  foot  is  occasionally  larger  than  usual ;  in  that  case  com- 
pensating for  a  defective  condition  of  the  plantar  branch  from  the  posterior  tibial 
artery. 

This  artery  has  been  repeatedly  found  to  be  curved  outwards  between  its  com- 
mencement at  the  lower  border  of  the  annular  ligament  and  its  termination  in  the 
first  interosseous  space. 

VEINS. 

The  systemic  veins  commence  by  small  branches  which  receive  the  blood 
from  the  capillaries  throughout  the  body,  and  unite  to  form  fewer  and 
larger  vessels,  which  end  at  last  by  pouring  their  contents  into  the  right 
auricle  of  the  heart  through  two  large  venous  trunks,  the  superior  and  in- 
ferior venae  cavte.  The  blood  which  nourishes  the  substance  of  the  heart 
itself,  is  returned  by  the  coronary  or  cardiac  veins  to  the  same  auricle. 

The  veins,  however,  which  bring  back  the  blood  from  the  stomach, 
intestines,  spleen  and  pancreas,  have  an  exceptional  destination  ;  not  convey- 
ing the  blood  directly  to  the  heart,  but  joining  to  form  a  single  trunk — the 
portal  vein,  which  ramifies  after  the  manner  of  an  artery  in  the  substance 
of  the  liver,  and  carries  the  blood  within  it  to  the  capillaries  of  that  organ. 
From  these  the  blood  passes  into  the  ultimate  twigs  of  the  hepatic  veins, 
and  is  conveyed  by  these  veins  into  the  inferior  vena  cava.  The  veins  thus 
passing  to  the  liver  constitute  the  portal  system. 

The  anastomoses  of  veins  are  much  larger  and  more  numerous  than  those 
of  arteries.  The  veins  of  many  parts  of  the  body  consist  of  a  subcutaneous 
and  a  deep  set,  which  have  very  frequent  communications  with  each  other. 
In  some  parts  of  the  body,  chiefly  the  limbs  and  surface,  the  veins  are 
provided  with  valves,  whilst  in  others  no  valves  exist. 

The  systemic  veins  are  naturally  divisible  into  two  groups  :  firstly,  those 
from  which  the  blood  is  carried  to  the  heart  by  the  superior  vena  cava,  viz., 
the  veins  of  the  head  and  neck  and  upper  limbs,  together  with  those  of  the 
spine  and  a  part  of  the  walls  of  the  thorax  and  abdomen,  with  which  may 
be  associated  also  the  veins  of  the  heart ;  and  secondly,  those  from  which 
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the  blood  is  carried  to  the  heart  by  the  inferior  vena  cava,  viz.,  the  veins 
of  the  lower  limbs,  the  lower  part  of  the  trunk,  and  the  abdominal 
viscera.  (For  a  general  representation  of  the  venous  system,  see  fi^  224  at 
p.  298.) 

| 

UPPER  VENA  CAVA. 
The  upper  vena  cava  conveys  to  the  heart  the  blood  which  is  returned 
from  the  head,  the  neck,  the  upper  limbs,  and  the  thorax.     It  is  formed  by 
the  union  of  the  right  and  left  brachio-cephalic  veins.     It  extends  from  a 
little  below  the  cartilage  of  the  first  rib  on  the  right  side  of  the  sternum  to 
the  base  of  the  heart,  where  it  opens  into  the  right  auricle.     Its  course  is 
slightly  curved,  the  convexity  of  the  curve  being  turned  to  the  right  side. 
It  has  no  valves.    At  about  an  inch  and  a  half  above  its  termination,  it  is 
invested  by  the  fibrous  layer  of  the  pericardium,  the  serous  membrane 
being  reflected  over  it.     The  upper  cava  lies  immediately  in  front  of  the 
right  pulmonary  vessels,  and  between  the  right  lung  and  the  aorta,  which 
partly  overlap  it.     It  receives  several  small  veins  from  the  pericardium  and 
the  mediastinum  ;  and  lastly,  it  is  joined  by  the  right  azygos  vein,  imme- 
diately above  the  place  where  it  becomes  invested  by  the  pericardium. 

PBCULiAMTT.-In  several  instances,  the  two  innominate  veins,  which  usually  join 
to  form  the  vena  cava  superior,  have  been  seen  to  open  separately  into  the  right 
auric  e.    This  peculiarity  is  explained  by  reference  to  the  development  of  the  pafte 
gl^vS^  t0  ^  P-485'iQ  C0MeCti0a  th/descriptio^o^e 
INNOMINATE  OR  BRACHIO-CEPHALIC  VEINS. 

.  Jfr^Ti?  ^™d_from1  ?G  "Pper  limbs  trough  the  subclavian  veins, 

Tll7^     t   T    "    ,n  r  k  by       jUgUkr  VeiDS'  i8  P°"red         two  trunks 
named  the  brachiocephalic  or  innominate  veins.     These  vessels  rfi«»lS 
from  the  union  of  the  subclavian  with  the  internal  ^^^6^/ 
commence  opposite  the  inner  ends  of  the  clavicles,  and  terminate   ,  httt 
beW  the  cartilage  of  the  first  rib  on  the  right  side,' where, ^n t  w 
form  the  upper  vena  cava.    The  right  vein  is  very  short,  and  near Wrtic.l 
m  its  direction  ;  it  is  m  apposition,  on  the  ri<dit  side  with  thT  J  \ 
the  upper  part  of  the  righ?  lung.     The  vein  of   ne  left  .V  1  Pleu™;™d 
times  longer  than  the  right  vefn,  pursued  1™  from  left'  t^ri^ht^at 
the  same  time  inclining  somewhat  downwards  :  it  crosses  behWl  th  ' 
part  of  the  first  bone  of  the  sternum    senari L  ?™™  ?T  L 
hyoid  and  sternothyroid  muscles,  aTby  Kyl?^  ^  ^ 
it  be.  in  front  of  the  three  primary  branches  given  off  torn  VlrlTT^  '' 
aorta,  and  rests  upon  the  highest  part  of  the  arch      Th  the 
have  no  valves.  P  arcil-     The  "dominate  veins 

Lateral  tributaries. — (a}  Tim  *i  -j 

venous  plexus  situated  on  the ihy^oid t ZJZl  V™  ^'T  ^  * 
nicating  by  small  branches  across  the  tradie Thfl  ™° 68  C°mm"- 
descends  in  front  of  the  trachea  behind  fT"  *  TheJem  °f  the  left  si<to 
ends  in  the  left  brachio-cephalie^r  ittin^e  «  ^ 

inclines  outwards  in  some  decree  <md  ™0„   •  \   x,   '  he  right  side 

33:  at or   th8  *^»«!2K£ 

-2.  ~-  — 

c„_  of  the  ^ry  ,rJ  b>  EfiZtfiS*  £  £ 
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fore  part  of  the  walls  of  the  abdomen,  where  they  anastomose  with  the 


Fig.  309. 
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Fig.  309.— Sketch  of  the  Principal  Venous 
Trunks,  together  with  the  Thoracic  Duot.  £ 

a,  the  basilar  process  of  the  occipital  bone, 
through  which  and  the  temporal  bones  a  trans- 
verse incision  has  been  made  so  as  to  lay  open  the 
jugular  foramen  on  both  sides  ;  b,  the  body  of  the 
fifth  cervical  vertebra ;  c,  the  first  rib ;  d,  the 
sixth  ;  e,  the  twelfth  ;  /,  the  body  of  the  fifth 
lumbar  vertebra ;  1,  trunk  of  the  vena  cava  supe- 
rior divided  at  the  place  of  its  entrance  into  the 
right  auricle  ;  2,  right,  2',  left  subclavian  veins  ; 
3,  right  internal  jugular  vein  ;  the  left  is  cut 
short  immediately  above  the  place  where  it  joins 
the  subclavian  vein  ;  3',  3',  lower  part  of  the 
lateral  sinuses  of  the  dura  mater  ;  that  of  the  left 
side  is  divided  inferiorly ;  that  of  the  right  side 
shows  at  its  junction  with  the  jugular  vein  the 
bulb  which  lies  in  the  jugular  depression  of  the 
temporal  bone  ;  4,  right,  and  4',  left  external 
jugular  veins  ;  5,  right,  and  5',  left  vertebral  veins 
anastomosing  with  5",  external  vertebral  veius, 
before  joining  the  subclavian  veins  ;  6,  placed  on 
left  subclavian  vein  below  the  opening  of  the  last, 
and  of  the  thoracic  duct  ;  below  b,  the  inferior  thy- 
roid veins ;  7,  7',  the  internal  mammary  veins  ;  8, 
the  left  superior  intercostal  vein  joining  the  left 
brachio-cephalic  vein,  and  anastomosing  below 
with  intercostal  veins  which  join  the  trunk  of  the 
azygoa  ;  the  right  superior  intercostal  vein  is  seen 
joining  the  azygos  vein  ;  9,  main  or  right  azygos  vein  ; 
the  uppermost  figure  points  to  the  curved  portion, 
which  passes  over  the  right  bronchus  before  joining 
the  vena  cava  superior  ;  9',  the  left  azygos,  repre- 
sented here  as  crossing  the  vertebral  column  on  the 
eighth  vertebra  ;  10,  the  thoracic  duct ;  the  upper 
figure  is  on  the  fourth  dorsal  vertebra,  the  lower 
on  the  first  lumbar  close  to  the  receptaculum  chyli  ; 
1 1,  trunk  of  the  inferior  vena  cava  divided  below 
the  liver  ;  the  figure  is  immediately  over  the  place 
of  origin  of  the  renal  veins ;  below  it  is  seen 
dividing  on  the  fourth  lumbar  vertebra  into  the 
two  common  iliac  veins  ;  12,  the  union  of  the  left 
azygos  vein  with  the  left  renal  vein  ;  1 3,  on  the 
right  side,  the  commencement  of  the  right  azygos 
vein  in  the  lumbar  region,  joined  by  several  lumbar 
veins  ;  13',  the  commencement  of  the  azygos  vein  of 
the  left/  side,  joining  similar  veins  on  that  side  ; 
14,  14',  the  external  iliac  veins;  15,  placed  on 
the  promontory  of  the  sacrum,  points  on  either 
side  to  the  prolongation  of  the  lower  branches  of 
the  right  and  left  lumbar  veins  into  the  pelvis,  and 
their  union  with  sacral  and  other  branches  of  the 
internal  iliac  veins. 


i4l  . 

epigastric  veins  ;  from  thence  proceeding 
upwards  between  the  cartilages  of  the  ribs 
and  the  pleura,  they  receive  the  anterior 
intercostal  veins  which  correspond  with  the 
branches  of  the  internal  mammary  artery, 
together  with  some  small  diaphragmatic,  thymic  and  mediastinal  veins,  and 
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these  finally  uniting  into  a  single  trunk,  each  vein  terminates  in  the  brachio- 
cephalic of  its  own  side. 

(c)  The  superior  intercostal  veins.  —  The  right  superior  intercostal  vein 
receives  the  blood  from  the  first  or  the  first  two  or  three  spaces,  communicating 
with  the  vessel  in  the  space  next  below,  and  opens  into  the  innominate  trunk 
oft  he  same  side,  or  into  the  vena  cava.  Frequently  the  veins  at  the  right 
side,  corresponding  with  the  superior  intercostal  artery,  pass  downwards 
separately,  to  open  into  the  azygos  vein,  as  that  vessel  arches  forwards  to 
join  the  upper  vena  cava  :  the  separate  vein  thus  formed  is  inferior  in 
size  to  that  on  the  left  side.  The  left  superior  intercostal  vein  varies  in 
length  in  different  persons,  being  small  when  the  azygos  minor  is  large,  and 
vice  versa.  Usually  it  receives  the  veins  from  the  three  or  four  upper  spaces 
and  is  then  directed  forwards  over  the  left  side  of  the  spinal  column  and 
the  aorta  to  open  into  the  left  innominate  vein.  It  receives  in  its  course 
the  left  bronchial  vein.  The  left  vein  is  sometimes  directed  downwards  to 
j 0111  an  azygos  vein  on  its  own  side. 


VEINS  OF  THE  FACE,  NECK,  AND  HEAD. 

The  blood  returning  from  the  head  and  neck  flows  on  each  side  into  two 
principal  veins,  the  external  and  internal  jugular.  The  veins  of  the  head 
and  neck  have  generally  no  valves.  The  external  jugular  vein  is  provided 
with  a  valve  at  its  entrance  into  the  subclavian  vein,  and  in  most  cases  wi  h 
another  about  the  middle  of  its  course  :  and  the  internal  jugular  is  X 
furnished  with  valves  near  its  junction  with  the  subclavian.  '  These  valv  s 
however  are  not  efficient  in  stopping  the  regurgitation  of  the  blood  or  the 
passage  of  injections  from  below  upwards  ' 

The  veins  on  the  exterior  of  the  cranium  and  face  converge  and  unite  so 
as  to  form  two  trunks,  the  facial  and  the  temporal  veins.  ' 

THE  FACIAL  VEIN. 

The  facial  vein  lies  obliquely  along  the  side  of  the  face,  extendi™  from 

artery,  bat  farther  back,  and  leaf  t„0u,  *  h  T"  '  f  ^ 
reiation,  to  contiguous  parts.  It  inTeTe ?. t^s^ZVo^T 
nose  by  ,  »  formed  by  tbe  junction  of  branches  from  the  forehead  V 

and  the  platysma  musche  ;  St^  ^£^^>»™ 

the  trunk  of  the  iniernal >«X      C°nSlderabIe  s™<  joins  obliquely 

branches,  which  ^^^SZ^Z^f^t  ^  °f  thc  »»y 
cation*  in  their  course  wit]!  the  IZ^Sto  Jilt^  to*ntai*n«  ^mmuni- 
vertically  parallel  with  thc  COrresponSS  JiSl      T™ L^*  Ifc 
connected  by  transverse  branches  and  enc IsT Tit  Sllic'  *ith  which-  it  is 

the  veins  of  the  two  sides  unite  and  for*  a  shorW™  i'  ^  **  80me  i,,sta,lc" 
two  branches  at  the  root  of  thc  nose  A,  it  ,i»  ,  *  '  whlch  a8'ail1  di**d<M  into 
vein  receives  a  branch  from  thc  eyebrow  and  ZZ  r  n  t,,C  forflh(?ad«  the  ^ntal 
upper  eyelid.  3         '  and  80me>  of  smaller  size,  from  thc  nose  and 
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(6)  The  supra-orbital  vein  (v.  supercilii)  runs  inwards  in  the  direction  of 
the  eyebrow,  covered  by  the  occipito-frontalis  muscle.  Its  branches  are  con- 
nected externally  with  those  of  the  external  palpebral  and  superficial  temporal 
veins ;  in  its  course  it  receives  branches  from  the  contiguous  muscles  and  integu- 
ment, and  at  the  inner  angle  of  the  orbit  inclines  downwards  to  terminate  in  the 
frontal  vein. 


Fig.  310.  Fig.  310.— View  op  the  Su- 

perficial Veins  of  the 
Head  and  Neck. 

1,  sterno-mastoid  muscle  ;  a, 
facial  vein  ;  b,  temporal  vein  ; 
c,  transverse  facial ;  d,  pos- 
terior auricular  ;  e,  internal 
maxillary  vein  ;  /,  external 
jugular  vein  ;  g,  posterior  ex- 
ternal jugular ;  h,  anterior 
jugular ;  t,  posterior  scapular 
and  suprascapular  veins ;  k, 
iuternal  jugular  vein  ;  I,  occi- 
pital veins ;  m,  subclavian  vein  : 
above  the  inner  side  of  the  orbit 
are  shown  the  frontal  and  su- 
praorbital veins,  and  their  de- 
scending branches  to  anasto- 
mose with  the  angular  or  ter- 
minal branch  of  the  facial  vein. 

(c)  The  angular  vein,  formed 
by  the  junction  of  the  supra- 
orbital and  frontal  veins,  is 
perceptible  beneath  the  skin  as 
it  runs  obliquely  downwards 
and  outwards  near  the  inner 
margin  of  the  orbit,  resting 
against  the  side  of  the  nose  at 
its  root.  This  vessel  receives  on  the  inner  side  the  nasal  veins,  which  pass  upwards 
obliquely  to  join  it  from  the  side  and  ridge  of  the  nose  ;  whilst  some  small  superior 
palpebral  veins  open  into  it  from  the  opposite  direction.  On  a  level  with  the  lower 
margin  of  the  orbit  it  becomes  continuous  with  the  facial  vein. 

(d)  The  inferior  palpebral  veins,  two  or  three  in  number,  are  derived  from  the 
lower  eyelid,  from  the  outer  side  of  the  orbit,  and  from  the  cheek.  They  pass  in  a 
direction  obliquely  inwards  above  the  zygomatic  muscle,  and  then  turn  beneath  it 
previously  to  their  termination. 

(e)  Communicating  branches  from  the  pterygoid  plexus  (deep  facial,  anterior  inter- 
nal maxillary) ;  and  also  some  branches  proceeding  from  the  orbit,  furnished  by  the 
infra-orbital  of  the  internal  maxillary  vein,  join  the  facial  on  a  level  with  the  angle 
of  the  mouth.  i  , 

(/)  Labial,  buccal,  masseteric  and  mental  branches  join  the  facial  below  the  angle 
of  the  mouth.  < 

(g)  The  ratline  vein,  a  small  vessel  which  lies  along  the  under  surface  of  the  tongue, 
close  to  the  framum  lingure,  is  in  apposition  with  the  artery  of  the  same  name  :  its 
course  is  backwards  and  outwards,  between  the  mylo-hyoid  and  hyo-glossus  muscles, 
to  open  into  the  facial  vein,  or  sometimes  into  the  lingual. 

(h)  The  submental  vein,  larger  than  the  preceding,  commences  below  the  chin ;  it 
receives  branches  from  the  submaxillary  gland,  and  from  the  mylo  hyoid  muscle,  and, 
keeping  close  under  cover  of  the  margin  of  the  jaw-bone,  joins  the  facial  vein ;  but  m 
some  instances  it  enters  the  lingual  or  superior  thyroid  vein. 

(i)  Submaxillary  branches  from  the  gland  join  the  facial  vein  either  separately  or 
united  into  one  trunk. 

(/)  The  palatine  vein  returns  the  blood  from  the  plexus  round  the  tonsil  ana 
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from  the  soft  palate ;  it  passes  downwards,  deeply  seated  by  the  side  of  the  pharynx, 
to  join  one  of  the  preceding  veins,  or  terminate  in  the  facial  separately. 

THE  TEMPORAL  VEIN. 

The  temporal  vein,  a  vessel  of  considerable  size,  descends  in  front  of  tbe 
external  auditory  tube,  reaching  from  the  zygoma,  upon  which  it  rests,  to 
the  angle  of  the  jaw.  It  results  from  the  union  of  branches  which  are 
spread  out  upon  the  side  of  the  head,  some  superficially,  and  others  deeply 
seated.  The  superficial  branches  commence  upon  the  arch  of  the  skull, 
where  they  communicate  with  the  ramifications  of  the  frontal  and  occipital 
veins,  as  well  as  with  those  of  the  corresponding  vein  of  the  opposite  side. 
Descending  on  the  surface  of  the  temporal  fascia,  they  converge  ;  those 
from  the  fore  part  inclining  a  little  backwards,  while  the  posterior  branches 
run  forwards  over  the  ear  ;  and  the  two  sets  joining  together  above  the 
zygoma  form  the  trunk  of  the  temporal  vein.  The  deeper  branches,  arising 
in  the  substance  of  the  temporal  muscle,  unite  to  form  a  vein  of  some  size, 
called  the  middle  temporal,  to  distinguish  it  from  branches  still  more  deeply 
placed,  and  which  open  into  the  internal  maxillary  vein.  The  middle  tem- 
poral vein  falls  into  the  common  temporal  trunk  at  its  commencement  above 
the  zygoma.  The  temporal  vein  gradually  sinks  into  the  substance  of  the 
parotid  gland  as  it  descends  behind  che  ramus  of  the  jaw.  Beneath  the 
angle  of  that  bono,  it  divides  into  two  vessels,  one  of  which  turns  backwards, 
and  forms  the  commencement  of  the  external  jugular  vein,  while  the  other 
communicates  with  the  facial  vein  near  its  termination. 

Lateral  tributaries.—  These  are  numerous:— (a)  parotid  branches  from  the  parotid 
gland ;  (b)  articular,  from  the  articulation  of  the  jaw ;  (c)  anterior  auricular  veins 
from  the  external  ear;  (d)  the  transverse  facial,  a  branch  of  considerable  size  corre- 
sponding with  the  transverse  facial  artery;  (e)  the  posterior  auricular  directed  for- 
wards from  behind,  and  joined  by  the  sty lo-mastoid  vein ;  and  (/)  the  internal  maxil- 
lary vein,  a  large  vessel,  which  requires  more  particular  description. 

THE  INTERNAL  MAXILLARY  VEIN. 

The  internal  maxillary  vein  corresponds  somewhat  in  direction  and  posi- 
tion with  the  artery  of  the  same  name,  and  receives  branches  from  the 
neighbouring  parts,  most  of  which  are  the  venae  comites  of  the  corresponding 
divisions  of  the  internal  maxillary  artery.     Thus  three  or  four  deep  temporal 
branches  descend  from  the  temporal  muscle  ;  others  come  from  the  pterygoid 
masseter,  and  buccinator  muscles.     The  middle  meningeal  veins  and  some 
palahnt >  veins .also  end  in  the  internal  maxillary  ;  and  lastly,  branches  from 
the  surface  of  the  upper  jaw— superior  dental,  and  another,  of  large  size 
from  the  lower  jaw,  emerging  from  the  dental  foramen-in/mor  dental 
These  different  branches  form  a  plexus  of  veins,  named  pterygoid  plexu 
which  is  placed  in  the  lower  part  of  the  temporal  fossa,  between  ths  tem- 
poral and  the  external  pterygoid  muscle,  and  in  part  between  the  pterygoTd 
muscles.    It  commiinicates  in  front  with  the  facial  vein,  and  above S  h 
the  cavernous  sinus  by  branches  through  the  base  of  the   kull.  FromThb 

^TmptaTZ  tW°  Sh°rt  ****  * 

trunk  usually  the  larger  of  the  twoTt'ol^  ^  temporal  ^div^f 
and  placed  nearly  transversely,  so  as  to  allow  the  flow  of  blood ^"ht  f rom 
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the  temporal  into  the  internal  jugular  vein,  or  from  the  facial  into  the 
external  jugular. 

Fig.  311. 


Fig.  311.  —  DlAORAMMATIO  VIEW  OP  THE  SlNUSES  OP  THE  DORA  MATER  AND  SOME  OF  THE 

Deep  Veins  op  the  Neok  and  Head  (modified  from  Cloquet  and  other  sources).  4 

The  greater  part  of  the  calvarium  has  been  removed  ;  but  an  arched  strip  has  been 
kept  in  tbe  fore  and  upper  part  of  the  region  Of  the  superior  longitudinal  sinus.  The 
occiput  has  been  entirely  removed  so  as  to  expose  the  lateral  sinus  and  its  termination  in 
the  jugular  vein,  a,  the  falx  cerebri ;  b,  the  tentorium  cerebelli  of  the  right  side  ;  c, 
zygomatic  arch  ;  d,  malar  bone  ;  e,  angle  of  the  jaw ;  /,  spinous  process  of  the  axis 
vertebra  ;  1,  superior  longitudinal  sinus  ;  2,  inferior  longitudinal  sinus  ;  2,  3,  straight 
sinus  ;  2',  internal  veins  of  the  brain  (veins  of  Galen)  ;  3,  lateral  sinus,  descending  to 
4,  the  commencement  of  the  internal  jugular  :  3',  superior  petrosal  sinus  ;  4,  4,  the 
internal  jugular  vein  ;  5,  5,  superficial  temporal  vein,  leading  into  the  external  jugular 
vein  ;  6,  middle  temporal  ;  7,  posterior  auricular  ;  8,  internal  maxillary  ;  8',  pterygoid 
plexus  and  communications  with  the  deep  temporal  veins  ;  9,  communicating  branch 
between  the  facial,  temporal  and  external  jugular;  9',  pharyngeal  branches;  10,  facial 
vein  ;  10',  submental  branch  ;  10",  continuation  of  the  facial  into  the  angular;  11,  an 
occasional  branch  from  the  neck;  12,  vertebral  vein  and  artery;  13,  external  spinal 
veins  forming  a  plexus  over  the  vertebral  arches  ;  14,  occipital  sinus  communicating 
above  the  atlas  with  the  spinal  plexus. 


EXTERNAL  AND  INTERNAL  JUGULAR  VEINS. 
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THE  EXTERNAL  JUGULAR  VEIN. 

The  external  jugular  veiu  commences  on  a  level  with  the  angle  of  the 
lower  maxilla,  at  the  end  of  the  temporal  veiu,  and  descends  perpendicu- 
larly between  the  platysma  and  fascia,  crossing  the  sterno-mastoid  muscle. 
In  consequence  of  the  oblique  direction  of  that  muscle,  the  vein  gets  to  its 
outer  border,  and  continues  behind  it  down  to  the  lower  part  of  the  neck, 
where  it  pierces  the  fascia  to  terminate  either  as  a  single  trunk,  or  by  two 
or  three  branches  in  the  subclavian  vein.  It  is  provided  with  a  valve  at  its 
lower  end,  and  in  most  cases  with  another  about  the  middle  of  its  course. 

Tributaries. — The  external  jugular  vein  receives  some  large  branches  from  behind, 
and  superficial  branches  from  the  fore  part  of  the  neck.  The  largest  branches  are 
the  following : — 

(a)  The  posterior  branch,  lying  at  first  between  the  splenius  and  trapezius  muscles, 
passes  down  at  the  outside  of  the  jugular  vein,  and  below  the  middle  of  the  neck 
opens  into  that  vessel. 

(b)  The  supra-scapular  and  posterior  scapular  veins,  corresponding  to  the  arteries 
of  the  same  name,  pass  transversely  inwards  to  join  the  external  jugular  vein  close  to 
its  termination. 

The  anterior  jugular  vein  arises  from  the  convergence  of  some  superficial 
branches  in  the  submaxillary  region.  This  vessel  lies  along  the  fore  part  of 
the  neck,  sometimes  near  the  sterno-mastoid  muscle,  and  either  terminates 
by  inclining  outwards  to  join  the  external  jugular  vein,  or,  after  giving  to  it 
a  branch  of  communication,  sinks  beneath  the  sterno  mastoid  muscle,  and 
ends  in  the  subclavian  vein.  The  lower  ends  of  the  two  anterior  jugular 
veins  are  frequently  united  by  a  transverse  branch  placed  behind  the  sterno- 
mastoid  muscles  and  top  of  the  sternum. 

The  external  jugular  vein  is  very  variable  in  size.  It  is  frequently  very  small,  and 
may  be  absent  altogether.    The  anterior  jugular  vein  is  likewise  very  variable. 

INTERNAL  JUGULAR  VEIN. 

The  internal  jugular  veins,  receiving  the  blood  from  the  brain  and  cranial 
cavity,  are  continuous  at  their  upper  extremities  with  the  lateral  sinuses 
within  the  cranium,  and  terminate  inferiorly  in  the  innominate  or  brachio- 
cephalic veins.  The  commencement  of  each  internal  jugular  vein  at  the 
wide  part  (jugular  fossa)  of  the  foramen  jugulare,  is  somewhat  enlarged, 
and  has  been  named  the  stoma  or  gulf  of  the  internal  jugular  vein.  Beneath 
the  skull,  the  vein  is  supported  by  the  rectus  lateralis  muscle,  and  lies  close 
to  the  outer  side  of  the  internal  carotid  arteiy,  as  far  as  the  cornu  of  the 
os  hyoides.  It  is  joined  at  this  point  by  the  common  facial  vein,  aud 
becomes  considerably  enlarged  ;  it  then  descends  parallel  with  the  common 
carotid  artery,  lying  at  its  outer  side  and  enclosed  in  the  same  sheath 
together  with  the  vagus  nerve.  At  the  root  of  the  neck  it  joins  nearly  at  L 
right  angle  with  the  subclavian  vein,  and  so  forms  the  innominate  or 
brachio-cephahc  vein.  Close  to  the  lower  termination  of  the  jugular  or 
from  half  an  inch  to  an  inch  above  it,  is  placed  a  double  valve  as  in  other 
veins,    ("btruthers,  Anat.  and  Phys.  Observ.,"  p.  173.) 

Tributaries.    Previously  to  its  junction  with  the  facial  vein,  the  internal  jugular 
receives  the  lingual  pharyngeal,  and  occipital  veins  j  one  or  more  of  which,  howSer 
very  frequently  end  in  the  common  facial  trunk  uowever, 

(«)  The  lingual  vein  begins  at  the  side  and  upper  surface  of  the  tongue,  and  passes 

JSSffW^S^    r        ,  fT  *Je  8UblinSual  eland;  occasionally  'the .  ££h e 
vein  joins  it,  and  sometimes  also  the  pharyngeal. 

H  H  2 
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(6)  The  pharyngeal  vein  commences  at  the  back  and  sides  of  the  pharynx,  and 
sometimes  ends  in  the  superior  thyroid  vein,  and  at  other  times  in  the  lingual,  or  sepa- 
rately in  the  internal  jugular  vein. 

(c)  The  occipital  vein,  corresponding  in  course  and  distribution  -with  the  occipital 
artery,  communicates  with  a  plexus  of  veins  upon  the  occiput,  and  terminates  occa- 
sionally in  the  external  jugular  vein,  but  more  frequently  in  the  internal. 

(d)  The  common  facial  vein  has  been  already  described. 

(e)  The  laryngeal  vein  receives  branches  from  the  larynx  through  the  thyro-byoid 
membrane,  and  opens  into  the  internal  jugular,  the  common  facial,  or  sometimes  into 
the  superior  thyroid  vein. 

(/)  The  superior  thyroid  vein  commences  by  branches  in  the  thyroid  body, 
in  company  with  those  of  the  superior  thyroid  artery,  and  runs  transversely 
outwards. 

(g)  The  middle  thyroid  vein,  likewise  derived  from  the  thyroid  body,  is  placed  lower 
than  the  superior  thyroid. 

VENOUS  CIRCULATION  WITHIN  THE  CRANIUM. 

The  part  of  the  venous  system  contained  within  the  skull  consists  of 
veins  properly  so  called,  and  of  certain  channels  called  sinuses,  wluch 
receive  the  blood  from  those  veins,  and  conduct  it  to  the  internal  jugular 
veins.  The  sinuses  alluded  to  are  spaces  left  between  the  layers  of  the 
dura  mater,  the  fibrous  covering  of  the  brain. 

CEREBRAL  VEINS. 

The  veins  of  the  brain  are  divisible  into  those  which  ramify  upon  its  sur- 
face, and  those  which  are  placed  within  its  ventricles. 

The  superficial  veins  upon  the  upper  surface  of  the  hemispheres  are  for 
the  most  part  lodged  in  the  tortuous  sulci  between  the  convolutions  ;  but 
some  run  over  the  convexity  of  the  convolutions.  Their  general  direction  is 
towards  the  middle  line  ;  and  on  reaching  the  margin  of  the  longitudinal 
fissure  between  the  hemispheres,  they  receive  branches  from  the  flat  mesial 
surface  of  the  hemispheres,  and,  becoming  invested  by  tubidar  sheaths  of 
the  arachnoid  membrane,  incline  obliquely  forwards  and  open  in  that 
direction  into  the  superior  longitudinal  sinus. 

The  veins  upon  the  sides  and  under  surface  of  the  brain  are  directed 
outwards,  to  open  into  the  lateral  and  other  sinuses  at  each  side. 

The  deep  veins  of  the  brain  commence  by  branches  within  the  ventricles 
of  that  organ.  Upon  the  surface  of  the  corpus  striatum,  for  example, 
several  small  venous  branches  are  seen,  which  for  the  most  part  converge 
to  form  a  slender  vein  which  runs  along  the  groove  between  the  corpus 
striatum  and  optic  thalamus,  and  opens  into  one  of  the  veins  of  the  choroid 
plexus.  The  minute  veins  of  the  choroid  plexus  pass  backwards,  and  incline 
towards  the  middle  line  from  each  side,  so  as  to  form,  by  their  union,  two 
veins — vence  Galeni.  These,  lying  parallel,  run  directly  backwards,  enclosed 
within  the  velum  interpositum,  and  escape  from  the  interior  by  passing 
through  the  great  transverse  fissure  of  the  brain  between  the  under  surface 
of  the  corpus  callosum  and  the  tubercula  quadrigemina.  In  this  way  they 
reach  the  anterior  margin  of  the  tentorium  cerebelli,  at  its  place  of  union 
with  the  falx  cerebri,  where  they  terminate  by  opening  into  the  straight 
sinus. 

The  veins  of  the  cerebellum  are  disposed  in  two  sets.  Those  of  the 
upper  surface  incline  inwards  and  forwards  for  the  most  part,  and  run 
upon  the  upper  vermiform  process,  over  which  they  ascend  a  little  to  reach 
the  straight  sinus,  in  which  they  terminate  ;  some,  farther  forward,  open 
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into  the  veins  of  Galon.  Those  at  the  under  surface  run  transversely  out- 
wards, and  pour  their  contents  into  the  occipital  and  the  lateral  sinuses. 

Fig.  312. 


meatus  auditorius  internus ;  VIII ,  pkLd  ODDositp ^ £ ^  nerVes  entering  *he 
as  they  pa**  into  their  se^ral  fc^^K1  du^SrS^^  ^  pab 
as  it  passes  to  the  anterior  condyloid  foramen  I  the  riX'j  f "  ^  hyP?glossaI  nerve 
makes  its  turn  in  the  cavernous  sinus  on  the  groove  of  the  snhS^  ^  arter*  as  Jt 
mic  branch  proceeding  into  the  orbit,  below  and I  t ,  t£  nT-? °ldfb?ne;  2'  its  ^thai- 
division  of  the  basilar  arterv  intft  7h.  7  »  •  the  out8"le  of  the  optic  nerve  - 
represented  on  the  right  J^M^lsZ^"  arteries>  °ne  of which  is 

4,  basilar  artery  ;  5,  vertebral rrteriea .Tv ^^^J?."*^ ,to  ^internal  carotid  : 
vessels  spreading  upwards  from  the  foramen^Zosuu!-1^  ''  X'F^ 

inferior  petrosal  running  back  into  the  lower  part  of  l„t  T  • 101  petrosal  sinus  »  7, 
the  lateral  sinus  in  the  internal  jugular  vei a„d  5nn  *  ;  8'  te™i»ation  of 

8',  commencement  of  the  lateral  sinus  9  1 :  *?  ,contmuat»on  of  the  lateral  sinus  - 
and  below  that  number  in  the  ngurTthe^u^SCgitTdS 

CRANIAL  SINUSES. 

The  venous  sinuses  within  the  cr-mioi      -x      ,  . 

U6  CrdQlal  cavity  admit  of  being  divided  into 
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two  sets,  viz.,  those  placed  in  the  prominent  folds  of  the  dura  mater,  and 
those  situated  in  the  base  of  the  skull. 

Fig.  313.  Fig.  313. — Sketch  op   the  in- 

ternal veins  op  the  Cranium 
and  Nose.  \ 

a,  torcular  Herophili ;  b,  superior 
longitudinal  sinus  of  the  dura  mater ; 
c,  inferior  longitudinal  sinus ;  d, 
straight  siuus  ;  e,  internal  veins  of 
the  brain,  or  veins  of  Galen ;  g,  occi- 
pital sinus  ;  h,  superior  petrosal 
sinus  ;  i,  inferior  petrosal  sinus  ;  k, 
nasal  veins  on  the  septum  ;  superiorly 
is  shown  the  commencement  from 
some  of  these  of  the  superior  longi- 
tudinal sinus,  and  lower  down  some 
of  the  nasal  veins  passing  out  by  the 
spheno -palatine  foramen. 

The  form  and  size  of  the 
sinuses  are  various.     All  of 
them    are    lined  by  a  con- 
tinuation of  the  internal  mem- 
brane of  the  veins,  the  dura  mater  serving  as  a  substitute  for  the  other  coats. 

The  sinuses  wliieh  are  contained  in  the  several  processes  or  folds  of  the 
dura  mater  converge  to  a  common  point,  which  corresponds  with  the  internal 
occipital  protuberance,  and  is  called  the  confluence,  of  the  sinuses,  or  torcular 
Herophili.  The  form  of  the  torcular  is  very  irregular.  Five  or  six  apertures 
open  into  it  :  viz.,  one  from  the  longitudinal,  and  one  from  the  straight 
sinus  ;  two  from  the  right  and  left  lateral  sinuses  ;  and  one  or  two  from 
the  posterior  occipital  sinuses. 

The  superior  longitudinal  sinus  (s.  falciformis  superior),  commencing  at  the 
crista  galli,  extends  from  before  backwards,  in  the  upper  border  of  the  falx 
cerebri,  gradually  increasing  in  size  as  it  proceeds.  It  is  three-sided,  and 
is  crossed  obliquely  at  the  inferior  angle  by  several  bands,  the  chorda?  Willisii. 
The  veins  from  the  cerebral  surface  open  into  this  sinus  chiefly  towards  the 
back  part ;  and  in  such  a  way  that  the  apertures  of  the  greater  number  of 
them  are  directed  from  behind  forwards,  contrary  to  the  direction  of  the 
current  within  it.  The  longitudinal  sinus  communicates  with  the  veins  on 
the  outside  of  the  occipital  bone,  by  a  branch  (one  of  the  "  emissary  veins," 
Santorini)  which  passes  through  a  hole  in  the  parietal  bone. 

The  inferior  longitudinal  simis  (s.  falciformis  inferior)  is  very  small,  and 
so  much  resembles  a  cylindrical  vein,  that  it  is  sometimes  named  inferior 
longitudinal  vein.  Placed  in  the  inferior  concave  border  of  the  falx  cerebri, 
it  runs  from  before  backwards,  and  opens  into  the  straight  sinus  on  reaching 
the  anterior  margin  of  the  tentorium  cerebelli.  It  receives  branches  from 
the  surface  of  the  falx  cerebri,  and  sometimes  from  the  flat  surface  of  the 
hemispheres. 

The  straight  sinus  (s.  quartus  ;  s.  tentorii)  runs  backwards  in  the  base  of 
the  falx  cerebri,  gradually  widening  as  it  approaches  the  torcular  Herophili, 
in  which  it  terminates.  Besides  the  inferior  longitudinal  siuus,  the  venfe 
Galeni  and  the  superior  veins  of  the  cerebellum  open  into  it. 

The  lateral  sinuses  (s.  transversi)  are  of  considerable  size.  Their  direc- 
tion conforms  to  that  of  the  groove  marked  along  the  inner  surface  of  the 
occipital  and  other  bones,  and  extending  from  opposite  the  internal  occi- 
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pital  protuberance  to  the  foramen  jugulare.  The  sinus  of  the  right  side  is 
usually  larger  than  that  of  the  left  ;  both  commence  at  the  torcular  Hero- 
phili,  and  terminate  in  the  jugular  veins.  The  lateral  sinuses  receive  the 
blood  transmitted  from  both  the  longitudinal  sinuses,  from  the  straight  and 
occipital  sinuses,  from  the  veins  upon  the  sides  and  base  of  the  brain,  from 
those  on  the  under  surface  of  the  cerebellum,  and  from  some  of  the  veins  of 
the  diploe.  The  petrosal  sinuses  also  join  the  lateral  sinus  on  each  side  : 
and  two  emissary  veins  connect  these  with  the  veins  at  the  back  of  the  head 
and  neck. 


Fig.  314. — Sketch  op  the  venous  sinuses  Fig.  314. 

in  the  Base  op  the  Cranium,  with  the 
Ophthalmic  Vein. 

a,  sella  turcica  and  circular  sinus ;  b, 
cavernous  sinus  receiving  c,  the  ophthalmic 
vein ;  d,  superior  petrosal ;  e,  inferior  petrosal 
sinus ;  /,  transverse  sinus ;  g,  occipital ;  h, 
lateral  ;  i,  termination  of  the  superior  longi- 
tudinal in  the  torcular  Herophili. 

The  2}°sterior  occipital  sinus  is  some- 
times a  single  canal,  not  unfrequently 
double,  as  if  composed  of  two  com- 
partments. It  lies  along  the  attached 
border  of  the  falx  cerebelli,  extending 
from  the  posterior  margin  of  the  fora- 
men magnum  to  the  confluence  of  the 
sinuses.  It  communicates  in  front 
with  the  posterior  spinal  plexuses  of 
veins. 

The  sinuses  placed  at  the  base  of  the 
skull  are  as  follows,  taking  them  in  their  order  from  before  backwards  : 

The  circular  sinus  has  the  form  of  a  ring,  and  is  placed  superficially  in  the 
margin  of  the  dura  mater  round  the  pituitary  body  ;  it  receives  the  blood 
from  the  minute  veins  of  the  pituitary  body,  and  communicates  at  each  side 
with  the  cavernous  sinus.  Sometimes  it  is  only  partially  developed,  the  part 
in  front  of  the  gland  being  that  usually  present  :  sometimes,  however,  it  is 
behind  the  gland. 

The  cavernous  sinuses  placed  one  on  each  side  of  the  body  of  the  sphenoid 
bone,  over  the  bases  of  the  great  wings,  and  stretching  from  the  sphenoidal 
fissure  to  the  apex  of  the  petrous  portion  of  the  temporal  bones,  are  of  con- 
siderable size,  and  of  very  irregular  form.  Each  receives  the  ophthalmic  vein 
at  its  fore  part,  and  communicates  internally  with  the  circular  sinus  and 
posteriorly  with  the  petrosal  sinuses.  In  the  wall  of  each,  separated  by  the 
lining  membrane  from  the  cavity  of  the  sinus,  pass  forward  the  third, 
fourth,  and  sixth  cranial  nerves,  the  ophthalmic  division  of  the  fifth  nerve 
and  the  internal  carotid  artery. 

The  upper  petrosal  sinus  is  a  narrow  canal  running  along  the  upper 
margin  of  the  petrous  part  of  the  temporal  bone.  Commencing  at  the  back 
part  of  the  cavernous  sinus,  it  is  directed  outwards  and  backwards  in  the 
attached  margin  of  the  tentorium  cerebelli ;  and  descending  a  little,  ends 
m  the  lateral  sinus  where  this  lies  upon  the  temporal  bone. 

The  lou-er  petrosal  shms,  wider  than  the  upper,  passes  downwards  and 
backwards  along  the  inferior  margin  of  the  petrous  bone,  between  this  and 
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the  basilar  process  of  the  occipital  bone.  It  opens  into  the  lateral  sinus 
near  the  termination,  or  into  the  internal  jugular  vein. 

The  anterior  occipital  or  transverse  sinus  (sinus  basilaris)  is  placed  at  the 
fore  part  of  the  basilar  process  of  the  occipital  bone,  so  as  to  establish  a 
transverse  communication  between  the  opposite  inferior  petrosal  and  the 
cavernous  sinuses. 

OPHTHALMIC  VEIN. 

The  ophthalmic  vein  opens  into  the  cavernous  sinus.  Its  branches  are 
distributed  in  the  different  structures  contained  within  the  orbit,  in  com- 
pany with  the  branches  of  the  ophthalmic  artery  :  some  small  ramifications 
arise  from  the  eyelids,  whilst  others  communicate  with  the  angular  branch 
of  the  facial  vein  ;  and  those  which  accompany  the  supraorbital  artery  have 
similar  connections  with  the  veins  upon  the  forehead.  All  these  branches, 
together  with  others  arising  from  the  lachrymal  gland,  from  the  different 
muscles,  from  the  ethmoidal  cells,  and  from  the  globe  of  the  eye,  severally 

Fig.  315. 


Fig.  315. — Sketoh  of  the  Ophthalmic  Vein,  and  of  its  Distribution  and  Com- 
munication with  other  Veins  (altered  from  Hirschfeld  and  LeveiHe"). 

Tbe  oi-bit  is  opened  from  the  outer  side  and  the  dissection  is  similar  to  that  for  display- 
ing the  ophthalmic  artery  (represented  in  Figure  260,  at  p.  361)  ;  a,  the  optic  nerve 
before  it  enters  the  optic  foramen  ;  6,  the  superior  oblique  muscle  divided  before  it  passes 
through  its  pulley  ;  c,  the  lachrymal  gland  lying  upon  the  eyeball ;  d,  the  insertion  of 
the  inferior  oblique  muscle  ;  e,  foramen  rotundum  ;  /,  sinus  maxillaris,  opeued  externally  ; 
I  the  ophthalmic  vein  joining  the  cavernous  sinus  ;  1,  supraorbital  branch  ;  2,  muscular 
and  lachrymal  branches ;  3,  ciliary  ;  4,  anterior  and  posterior  nasal  or  ethmoid,  ;  5, 
frontal  •  6,  infraorbital ;  II,  facial  vein  ;  7,  communication  with  the  internal  maxillary  ; 
8  external  nasal;  9,  angular,  communicating  at  10,  with  the  frontal  and  supraorbital; 
III  external  jugular  vein  commencing  at  the  junction  of  IV,  the  temporal  and  V,  the 
internal  maxillary  veins  ;  11,  meningeal  branch  ;  12,  inferior  dental  ;  13,  muscular;  14, 
communication  between  the  facial,  malar  and  infraorbital;  15,  placed  in  the  spheno- 
maxillary fossa  above  branches  connected  with  the  pterygoid  plexus. 
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named  according  to  the  arterial  branches  which  they  accompany,  join  to  form 
a  short  single  trunk,  which  leaves  the  orbit  by  the  inner  part  of  the 
sphenoidal  fissure,  where  it  is  placed  between  the  heads  of  the  external 
rectus  muscle,  and  terminates  in  the  cavernous  sinus. 

Not  unfrequently  one  of  the  frontal  veins  is  much  larger  than  the  others,  and 
descending  vertically  near  the  middle  of  the  forehead,  joins  the  facial  and  a  branch 
of  the  ophthalmic  vein  on  one  side  of  the  root  of  the  nose. 

VEINS  OF  THE  DIPLOE. 

The  veins  of  the  diploe'  of  the  cranial  bones  are  only  to  be  seen  after  the 
pericranium  is  detached,  and  the  external  table  of  the  skull  carefully  re- 
moved by  means  of  a  file.  Lodged  in  canals  hollowed  in  the  substance  of 
the  bones,  their  branches  form  an  irregular  network,  from  which  a  few 
larger  vessels  issue.  These  are  directed  downwards  at  different  parts  of  the 
cranium,  and  terminate,  partly  in  the  veins  on  the  outer  surface  of  tha 
bones,  and  partly  in  the  sinuses  at  the  base  of  the  skull. 


Fig.  316. — Veins  op 

THE    DlPLOE  OF  THE 

Cranial  Bones  (after 


Breschet). 


The  external  table 
has  been  removed  from 
the  greater  part  of  the 
calvarium  so  as  to  ex- 
pose the  diploe  and  the 
veins  which  have  been 
injected.  1,  a  single 
frontal  vein  ;  2,  3,  the 
anterior  temporal  vein 
of  the  right  side  ;  4, 
the  posterior  temporal  ; 
5,  the  occipital  vein  of 
the  diploe. 

According  to  Bres- 
chet there  are  four 
such  veins  on  each 
half  of  the  cranium, 
viz.,  a  frontal,  occipital,  and  two  temporal. 

The  frontal  is  small,  and  issues  by  an  aperture  at  the  supra-orbital  notch  to  ioin 
the  vein  in  tha  situation.    There  is  often  only  one  frontal  vein  present  J 
^hc  temporal  are  distinguished  as  anterior  and  posterior.    The  anterior  is  con- 

VEINS  OF  THE  UPPER  LIMB. 
The  veins  of  the  upper  limb  are  diViuJM    •  i 
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more  numerous  iu  the  deep  than  in  the  subcutaneous  veins.  Valves  are 
constantly  to  be  found  at  the  entrance  of  branches  into  the  main  vessels. 

SUPERFICIAL  VEINS  OF  THE   UPPER  LIMB. 

The  superficial  veins  of  the  upper  limb  are  much  larger  than  the  deep  ; 
they  lie  between  the  skin  and  the  fascia.     At  the  upper  part  of  the  fore 


Fig.  317. 


Fig.  317.— Sketch  op  the  Superficial  veins  of  the  Arm 


MP' 


AND  FOREAKM  FROM  BEFORE. 


1,  biceps  muscle ;  a,  radial  veins  ;  h,  cephalic  vein  ;  c,  ulnar 
veins  ;  d,  some  of  the  posterior  ulnar  veins;  e,  basilic  vein 
dipping  below  the  fascia  ;  /,  median  vein  ;  g,  median  basilic  ; 
h,  median  cephalic. 


arm  they  are  most  frequently  collected  into  three 
trunks,  the  radial,  ulnar,  and  median  veins.  At  the 
bend  of  the  elbow  the  median  vein  divides  into  an 
outer  and  an  inner  vessel,  named  respectively  median- 
cephalic  and  median-basilic,  one  of  which  joins  with 
the  radial  to  form  the  cephalic  vein,  while  the  other 
joins  with  the  ulnar  to  form  the  basilic.  The  two 
principal  cutaneous  veins  of  the  forearm,  the  radial 
and  the  ulnar,  commence  on  the  dorsal  surface  of  the 
hand,  by  a  sort  of  plexus,  formed  by  the  convergence 
of  numerous  small  veins,  which  proceed  from  the  dorsal 
surface  of  the  fingers. 

The  radial  cutaneous  vein  commences  by  branches 
upon  the  dorsal  surface  of  the  thumb  and  fore  finger. 
These  ascend  over  the  outer  border  of  the  wrist,  and 
form  by  their  union  a  large  vessel,  which  passes  along 
the  radial  border  of  the  forearm,  receiving  numerous 
branches  from  the  anterior  and  posterior  surfaces. 
At  the  bend  of  the  arm,  in  the  groove  external  to 
the  biceps  muscle,  it  unites  with  the  median-cephalic 
division  of  the  median  vein,  to  form  the  cephalic 
vein. 

The  cephalic  vein  ascends  along  the  outer  border  of 
the  -  biceps  muscle  and  in  the  interval  between  the 
great  pectoral  and  deltoid  muscles,  and  finally,  dipping 
in  between  those  muscles,  terminates  in  the  axillary 
vein,  between  the  coracoid  process  and  the  clavicle. 

The  ulnar  cutaneous  veins  are  two  in  number,  one  on  the  front,  the  other 
on  the  back  part  of  the  forearm.  The  posterior  ulnar  cutaneous  vein, 
begins  on  the  back  of  the  hand  by  branches,  which  unite  to  form  a  vein 
placed  over  the  fourth  metacarpal  space,  and  called  by  some  of  the  older 
anatomists  "vena  salvatella."  This  proceeds  along  the  ulnar  border  of  the 
forearm  on  the  posterior  aspect,  and,  below  the  bend  of  the  elbow,  turns 
forwards  to  join  with  the  anterior  ulnar  cutaneous  vein,  which  ascends  from 
the  anterior  surface  of  the  wrist.  At  the  bend  of  the  elbow,  the  common 
ulnar  cutaneous  unites  with  the  median-basilic  division  of  the  median  to 
form  the  basilic  vein. 

The  basilic  vein,  usually  of  considerable  size,  ascending  along  the  inner 
border  of  the  biceps  muscle,  in  front  of  the  brachial  artery,  passes  through 
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the  fascia  below  the  middle  of  the  arm,  and  finally  unites  with  one  of  the 
venae  comites  of  that  vessel,  or  with  the  axillary  vein,  which  it  chiefly 
forms. 


Fig.  318. — View  op  tub  Superficial  Veins  at  Fig.  318. 

the  bend  op  tue  Arm  (from  B.  Quain).  ^ 

The  full  description  of  this  figure  will  be  found 
at  p.  383.  The  following  numbers  indicate  the 
veins  : — At  1  and  2,  the  fascia  is  opened  in  front 
of  a  part  of  the  brachial  artery  and  its  accom- 
panying veins;  the  inner  vena  comes,  marked  1, 
has  been  divided,  the  outer  marked  2,  is  entire  ; 
+  ,  the  median  nerve;  3,  the  basilic  vein  ;  3',  the 
ulnar  veins  ;  4,  the  cephalic  vein  ;  4',  one  of  the 
radial  veins  ;  5,  the  median  vein  ;  5  to  4',  median 
cephalic  ;  5  to  3',  median  basilic. 

The  median  cutaneous  vein  results  from 
the  union,  ou  the  anterior  part  of  the  fore- 
arm, of  several  branches.  It  is  a  short 
trunk  of  variable  length,  which  ascends 
between  the  ulnar  and  radial  cutaneous 
veins  on  the  front  of  the  forearm,  and 
terminates  beneath  the  hollow  in  front 
of  the  elbow  by  dividing  into  the  median- 
basilic  and  median-cephalic  branches  which 
diverge  upwards  from  each  other.  Close 
to  its  bifurcation  it  receives  a  short 
branch,  the  deep  median  vein,  which 
pierces  the  fascia  to  meet  it,  and  forms  a 
communication  between  it  and  the  deep 
veins  accompanying  the  arteries. 

The  median-basilic  vein,  inclining  in- 
wards to  join  the  basilic  vein,  passes  in 

front  of  the  brachial  artery,  from  which  it  is  separated  by  the  fibrous 
expansion  given  by  the  tendon  of  the  biceps  muscle  to  the  fascia  covering 
the  flexor  muscles  ;  it  is  crossed  by  branches  of  the  internal  cutaneous 
nerve. 

The  median-cephalic  vein,  directed  outwards,  unites  with  the  cephalic 
vein.    Branches  of  the  external  cutaneous  nerve  descend  behind  it. 


DEEP  VEINS  OF  THE  UPPER  LIMB. 

The  brachial  artery  and  its  various  branches  in  the  arm,  forearm,  and 
hand,  are  each  accompanied  by  two  veins,  named  vena,  comites.  These 
companion  veins  he  one  on  each  side  of  the  corresponding  artery,  and  are 
connected  with  each  other  at  intervals  by  short  cross  branch**  which  in 
some  places  surround  the  arterv  Th«!r  ri;0f,.;k  a  u*««»cnes,  wiucii  m 
™+u  h  „+  ~r  a  l  4.tueiciriery-  -Lheir  distribution  so  closely  corresponds 
with  that  of  the  arteries  that  they  need  «ot  be  more  particularly  described 

thJ  ™iII\:  CTfmT  VelnS  °f  thG  bra0h^  artery/termin^e  at 
the  lowei  margin  of  the  subscapular*  muscle  by  joining  the  axillary  vein  • 

axillary  vein.  er  beco:nes  continuous  with  the 

Between  the  several  veins  of  the  nnnw 

me  uppji  hm}  nutUQr0U3  communications 
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exist  in  tlieir  whole  course.  Thus,  those  which  lie  beneath  the  integument 
are  connected  to  each  other  by  branches  in  the  hand  and  forearm.  The 
veins  in  each  pair  of  venae  comites  are  also  united  by  short  transverse 
vessels  crossing  the  artery  which  they  accompany,  whilst  between  those 
attending  different  arteries  frequent  connections  exist.  Lastly,  the  sub- 
cutaneous and  the  deep  veins  communicate  freely,  especially  in  the  neigh- 
bourhood of  joints.  This  general  anastomosis  ensures  the  continuance  of 
the  circulation  during  muscular  action  in  the  frequent  and  varied  motions 
of  the  limb. 

AXILLARY  VEIN. 

The  axillary  win  returns  all  the  blood  from  the  upper  limb  :  its  size  is 
very  considerable,  and  it  is  the  highest  of  the  veins  of  the  upper  limb  in 
which  valves  are  constantly  found.  It  extends,  like  the  corresponding 
artery,  from  the  lower  border  of  the  axilla  to  the  outer  margin  of  the  first 
rib  ;  it  is  covered  by  the  pectoral  muscles  and  the  costo-coracoid  membrane, 
and  is  placed  to  the  inner  side  of  the  axillary  artery.  It  is  continuous 
below  with  the  basilic  vein  of  the  arm,  either  alone  or  in  conjunction  with 
one  of  the  deep  brachial  veins. 

Fig.  319. 


Fig.  319. — Tikw  of  the  Bloodvessels  of  TnE  Right  Axilla  and  Arm  from  the 

inner  side  (from  R.  Quain).  ~ 

The  detailed  description  of  this  figure  will  be  found  at  p.  382.  The  following  numbers 
indicate  the  principal  veins  : — 2,  the  axillary  vein  ;  3,  basilic  vein ;  3',  median  basilic  ; 
4,  4',  cephalic  vein  joining  the  acromial  thoracic  and  axillary  ;  6,  alar-thoracic  and 
subscapular  ;  7,  one  of  the  brachial  veins. 

Tributaries. — The  axillary  vein  receives  the  subcutaneous  veins  of  the 
arm,  viz.  the  basilic  at  its  commencement,  the  cephalic  towards  its  termination ; 
and  between  these  the  companion  veins  of  the  brachial  artery  ;  it  is  also 
joined  by  the  several  veins  corresponding  with  the  branches  of  the  axillary 
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artery,  viz.,  the  two  circumflex  and  the  subscapular  veins  from  the  shoulder, 
the  alar  vein  from  the  axilla,  and  the  inferior,  superior,  and  acromial 
thoracic  veins  from  the  side  of  the  chest. 


SUBCLAVIAN  VEIN. 


The  subclavian  vein  is  the  continuation  of  the  axillary,  but  is  not  like  it 
constantly  provided  with  valves,  although  a  pair  may  often  be  found  near 
its  termination  (Struthers,  loc.  cit. ).  It  extends  from  the  outer  margin  of 
the  first  rib  to  the  inner  end  of  the  clavicle,  behind  which  it  terminates  by 
joining  with  the  internal  jugular  vein  to  form  the  innominate  or  brachio- 
cephalic vein.  The  subclavian  vein  crosses  over  the  first  rib  and  behind  the 
clavicle,  not  reaching  so  high  up  in  the  neck  as  the  subclavian  artery  ;  it  is 
covered  by  the  clavicle,  and  by  the  subclavius  and  sterno-mastoid  muscles, 
and  lies  on  a  plane  anterior  to  the  artery,  from  which,  while  resting  on 
the  rib,  it  is  separated  by  the  scalenus  anticus  muscle  and  the  phrenic 
nerve. 

Tributaries. — (a).  The  external  and  anterior  jugular  veins  (p.  459) 
open  into  the  subclavian  vein  on  the  outer  side  of  the  scalenus  anticus 
muscle. 

(b).  The  vertebral  vein,  commencing  in  branches  which  proceed  from  the 
pericranium  and  the  deep  muscles  lying  behind  the  foramen  magnum  of  the 
occipital  bone,  passes  outwards  and  downwards  to  reach  the  intertransverse 
foramen  of  the  atlas.  Through  this  foramen,  and  through  the  canal  formed 
by  the  corresponding  foramina  of  the  other  cervical  vertebra,  the  vein 
descends  with  the  vertebral  artery.  Emerging  at  the  foramen  in  the  sixth 
vertebra,  it  runs  forwards  and  downwards  to  join  the  subclavian  vein  close 
to  the  termination  :  a  small  branch  sometimes  descends  through  the  foramen 
m  the  seventh  vertebra,  and  opens  separately  into  the  subclavian  The 
vertebral  vein  is  joined  in  its  course  by  several  branches  from  the  neigh- 
bouring muscles  ;  also,  immediately  before  its  termination,  by  a  branch 
corresponding  with  the  deep  cervical  artery  ;  and  in  the  same  situation  bV 
another  branch  of  considerable  size,  which  descends  in  front  of  the  bodies 
and  transverse  processes  of  the  vertebra,  of  the  neck,  and  may  be  termed 
the  external  vertebral  vein.  It  communicates  frequently  with  the  spinal 
vems  m  the  neck,  both  those  on  the  outer  side,  and  those  in  the  interior  of 
tne  spinal  canal. 


AZYGOS  VEINS. 


The  azygos  veins  are  longitudinal  vessels  formed  by  the  union  of  the 
vems  corresponding  to  the  arteries  of  the  intercostal  spaces,  and  are  1  ed 
on  the  side  of  the  spine.    In  the  lower  part  of  the  thorax  the  two  veins  of 

3tined:?  ^  ^r-"P  ^  ^Xed 

right,  which  becomesTnlai !  and ^rZ  ^1  ^ ?  trUnk  °U  the 
received  the  name  of  azygS 2i  thTZt  7?  '  ^  ^  °D  ^  aCC0UUt 

spondiJlg  parts  on  th  left^id;  ^  rir0rieTazy  r the  — 

forwards  to  reach  its  opJngT  the  d  "nl""  1      *  ^  ^  turM 

it  begins  below  from  the  lumbar  1  P  T  5  ,but  much  more  frequently 
and  sometimes  from  the  renal  vein ^  £SC6ndui8  lumI^>  of  the  right  side, 

thorax  through  the  aortic  opening  in  thT^  the  abdomen  into  the 

opemng  m  the  diaphragm,  or  to  the  outer  side  of 
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that  opening  through  the  fibres  of  the  diaphragm,  the  azygos  vein  ascends 


Fig.  320.  Fig.  320. — Sketch  of  the  Principal  Systemic 

Venous  Trunks,  tue  Azygos,  and  Intercostal 
\\&    §'    V      yjj  Veins. 

For  the  detailed  description  of  this  figure  see 
p.  454.  The  following  indications  relate  to  the 
accompanying  part  of  the  text: — 8,  the  right,  8', 
the  left,  superior  intercostal  veins  ;  9,  the  main 
trunk  of  the  azygos  vein  ;  the  uppermost  number 
marks  its  junction  with  the  superior  cava,  the 
lowest  its  passage  into  the  abdomen  ;  9',  the  left  or 
hemiazgyos  ;  10,  thoracic  duct  ;  11,  inferior  vena 
cava  ;  12,  the  union  of  a  branch  of  the  left  azygos 
with  the  left  renal  vein  ;  13,  13',  the  right  and 
left  azygos  veins  continued  down  into  the  abdomen, 
and  joining  some  of  the  lumbar  veins;  15,  union 
of  lumbar,  ilio-lumbar,  and  sacral  veins. 

on  the  bodies  of  the  dorsal  vertebras,  until 
it  arrives  opposite  the  root   of  the  right 

W^>^iy4^\"^fekTl)          lun§>   over  which,  it  arches  forwards,  and 

then  opens  into  the  upper  vena  cava,  im- 
mediately above  the  point  at  which  that 
vessel  is  invested  by  the  pericardium. 
When  passing  through  the  opening  in  the 
diaphragm,  this  vein  is  accompanied  by  the 
thoracic  duct,  both  being  situated  on  the 
right  side  of  the  aorta.  In  the  thorax, 
maintaining  the  same  position  with  respect 
to  the  duct  and  the  oesophagus,  it  passes  in 
front  of  the  intercostal  arteries,  and  is 
covered  by  the  pleura.  It  is  joined  by 
the  several  veins  which  accompany  the 
aortic  intercostal  arteries  of  the  right  side  ; 
and  at  about  the  sixth  or  seventh  dorsal 
vertebra,  by  the  left  or  smaller  azygos 
vein.  It  is  also  joined  by  several  oesopha- 
geal  and  other  small  veins,  and  near  its 
yi_  ,  termination  by  the  bronchial  vein  of  the 

right  lung  ;  and  it  is  generally  connected 
with  the  right  superior  intercostal  vein. 
As  it  communicates  below  with  the  vena 
cava  inferior  through  one  of  the  branches 
of  that  large  vein,  while  it  terminates  above 
in  the  vena  cava  superior,  it  forms  a  con- 
nection between  those  two  vessels.  A  few 
valves  of  imperfect  formation  have  been 
found  in  the  azygos  vein  ;  its  branches 
(intercostal  veins)  are  provided  with  distinct 
valves. 

On  the  left  side  of  the  chest  the  veins 
of   the  three  or  four  upper  intercostal 
spaces  are  usually  united  into  one  trunk, 
forming  the  left  superior  intercostal  vein,  which  (as  already  mentioned  at 
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p.  455)  is  most  frequently  united  with  the  left  innominate  vein,  but  some- 
times is  connected  with  the  main  azygos  vein. 

Of  the  remaining  left  intercostal  veins,  one  or  two,  generally  about  the 
fifth  and  sixth,  pass  directly  into  the  azygos  ;  while  the  lowest  in  greater 
number  unite  almost  constantly  into  one  trunk,  forming  the  left  or  small 
azygos,  which  crosses  to  join  the  main  azygos  in  the  neighbourhood  of  the 
seventh  dorsal  vertebra.  There  is  frequently  union  between  these  three 
sets  of  veins  or  their  intercostal  branches,  so  that  a  part  of  one  may  be 
replaced  by  another,  and  the  relative  size  of  the  veins  may  be  subject  to 
considerable  variation. 

The  left  lower  or  small  azygos  vein  (vena  hemiazygos)  commences  from 
one  of  the  lumbar  veins  (ascending  lumbar),  or  from  the  left  renal  vein  and 
having  entered  the  thorax  with  the  aorta,  or  through  the  cms  of  the 
diaphragm,  ascends  upon  the  spine  in  front  of  the  left  intercostal  arteries 
receiving  the  lower  intercostal  veins  of  the  left  side;  and  passing  behind  the 
aorta  it  opens  into  the  right  azygos  vein,  opposite  the  sixth  or  seventh 
dorsal  vertebra. 

o^s^iz^r seen  to  reccivc  the  iower  vena  ca™'  and> in  ■«*  — *  - 

In  one  instance  Meckel  found  the  azygos  ending  in  the  subclavian  vein. 

All  the  intercostal  veins  of  the  left  side  have  been  observed  in  some  instances  to 
join  a  s.nge  vein,  which  ended  in  the  left  innominate;  the  arra-em  nt Torre 
sponding  with  that  on  the  right  side  of  the  body.  arrangement  corre- 

Inn^  b^CMal  WinS  rGtUrn  ?"  bl°°d  empl°3,ed  iD  the  ™trition  of  the 
ungs.  Their  course  corresponds  with  that  of  the  bronchi,  which  support 
them  as  they  pass  towards  the  root  of  the  lung,.  The  bronchial  vein  of  tb. 
right  side  opens  into  the  trunk  of  the  azygos  vein  net  &  faSS^ 
of  the  opposite  side  ends  in  the  superior  intercostal  vein.  ' 

VEINS  OF  THE  SPINE. 
The  spinal  veins  form  plexuses  of  closely  anastomosing  vessels  aIon<r  tb„ 
irhole  length  of  the  spinal  column.     They  have  no  valves'  S 

the^li™  -y  be  distinguished  into 

and  restin/npon'the  ^°~['  ^  ^iTf^^ 

bodies  of  the  vertebTm  Se  whole  ^  otZ^Tt^" 
longitudinal  veins,  situated  within  the  canal   on    hT  .Posterior 
arches  of  the  vertebra,    e.  The  veins  of      \      1       ^re  part  of  the 
wise  branches  of  communicat  on  some  of  wmT  7^  ^  like' 

together,  and  some  which  S  Z!  "J"60*  ^  the  °ther  set« 

venous  system.      (Breschet,   ^EsSa    sur  Is  V      °"  ^  gGUeral 

"Traite'  Anatomiqne    sur  le   Svstfem«  V  T**  dU  Rachis'"   4t°  5 

"  Traite  d'AnatomLlescript!ve,»^c  )  ^     f°L'   1829 '  Cloquet, 

a- — Trle  dorsal  veins.     The  blood  f™™  +1  t 
the  back  of  the  spine  is  returned Thy TsetL  Tt" 
upon  the  arches  and  spinous  processed  of  the  vertebra     T^  ^ 
close  to  the  spinous  processes,  and  on  re^hZ    +i     •        7  ruu  forwards 
arches  of  the  vertebra,  pierce  the  li-meX  ^     mterval  between  the 
venous  plexus  within  the  canal.    Toward!  +1    Sn°flava>  and  terminate  in  a 
bral  grooves  other  veins  arise,  which  mis  obi°    T  P?  °f  the  Averts- 
intertransverse  spaces,  in  company  witlTtho  V^lS^Jg^ 
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and  intercostal  arteries,  and  open  into  the  veins  which  accompany  those 
vessels. 

b.  — The  reins  belonging  to  the  bodies  of  the  vertebra  (venaa  basis  verte- 
brarum, — Dupuytren)  are  comparatively  large  vessels  contained  in  the 
canals  within  the  bodies  of  the  vertebras  ;  the  arteries  which  accompany 
them  being  very  small.  They  anastomose  on  the  front  of  the  bones  with 
some  of  the  superficial  veins  ;  and  the  trunk  of  each,  having  reached  the 
spinal  canal  through  the  foramen  in  the  posterior  surface  of  the  body  of  the 
vertebra,  divides  into  two  branches,  which  diverge  and  terminate  in  the 
large  spinal  veins  behind  the  bodies  of  the  vertebrae. 

c.  — The  anterior  longitudinal  spinal  veins. — The  blood  collected  by  the 
different  vessels  here  described  is  poured  into  two  large  veins,  or  rather 
tortuous  venous  canals,  which  extend,  one  on  each  side,  along  the  whole 
length  of  the  spinal  canal  behind  the  bodies  of  the  vertebras.  These 
vessels  (the  great  spinal  veins  of  Breschet)  are  alternately  constricted  and 
enlarged,  the  constricted  points  corresponding  with  the  intervertebral 
foramina,  where  they  are  drawn  forwards,  and  bound  down  by  the  branches 
of  communication  which  pass  outwards.  In  some  parts  the  veins  are  double, 
or  even  triple,  so  as  to  form  a  plexus,  and  occasionally  they  are  altogether 
interrupted.  In  the  thoracic  region  their  communicating  branches  open 
into  the  intercostal  veins,  in  the  loins  into  the  lumbar  veins,  in  the  neck 
for  the  most  part  into  the  vertebral. 


Fig.  321. 


Fig.  321,  A  and  B. — Horizontal  and  Vertical 
Sections  of  the  Lower  Dorsal  Vertebrjb, 
showing  TnE  External  and  Internal  Veins 
of  the  Spine  (after  Breschet).  § 
a,  spinous  process  ;  6,  transverse  process  ;  c, 
body  ;  d,  spinal  canal  ;  1,  anterior  external  veins 
of  the  body;  2,  posterior  external  veins  of  the 
vertebral  column  communicating  with  the  internal 
and  forming  a  plexus  over  the  lamina?  and  pro- 
cesses ;  3,  the  posterior,  and  4,  the  anterior  in- 
ternal plexus  of  veins  of  the  vertebral  canal  ;  5, 
the  internal  veins  of  the  body  joining  the  internal 
spinal  veins  ;  6,  the  lateral  veins,  which  are  joined 
by  the  internal  and  external  spinal  veins,  and 
themselves  unite  with  the  intercostal. 

d.  The  posterior  longitudinal  spinal  veins 
are  a  complex  interlacement  of  tortuous 
veins  along  the  inner  or  anterior  surface 
of  the  arches  of  the  vertebra.  In  the 
lower  part  of  the  canal  this  interlacement 
of  veins  is  not  so  close  as  in  the  upper 
portion,  where  it  usually  conceals  (if  the 
injection  has  been  successful)  the  whole 
surface  of  the  dura  mater.  These  veins 
converge  to  the  intervertebral  foramina, 
and  join  by  rather  small  vessels  with  the 
intercostal  veins. 

c  -The  veins  of  the  spinal  cord  (Breschet)  ramify  upon  the  cord  and  its 
nerves,  enclosed  within  the  sheath  formed  by  the  dura  mater.  Though 
^^mmunicate  with  the  other  spinal  veins,  they  are  not  injected  fffr 
££>   e^cn  when  the  injecting  process  is  most  .uccessful.    Very  small, 
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long,  and  tortuous,  they  run  upon  both  surfaces  of  the  cord,  and  form  a 
diffused  network.  They  become  larger,  for  the  most  part,  as  they  ascend, 
but  near  the  base  of  the  skull  they  are  smaller  than  in  the  lumbar  region. 
They  communicate  freely  with  the  spinal  veins  and  plexuses,  by  means  of 
branches  which  accompany  the  nerves  towards  the  intervertebral  foramina. 
Near  the  base  of  the  skull  they  unite  to  form  two  or  three  small  trunks, 
which  communicate  by  transverse  branches  with  the  vertebral  veins,  and 
terminate  in  the  inferior  cerebellar  veins,  or  in  the  petrosal  sinuses. 

From  a  consideration  of  the  connection  and  arrangement  of  the  different 
parts  of  these  complex  veins,  it  would  appear  that  the  main  currents  of  the 
blood  in  each  part  flow  through  them  horizontally.  The  dorsal  veins  pour 
their  blood  into  the  longitudinal  plexus  on  the  inner  surface  of  the  arches  of 
the  vertebrae  •  thence  it  is  collected,  at  each  of  the  intervertebral  foramina, 
by  two  or  three  small  converging  branches,  which  open  into  some  of  the 
veins  outside  the  vertebral  column  in  front,  viz.,  into  the  lumbar,  azygos, 
and  cervical  veins.  Into  these,  also,  the  contents  of  the  great  spinal  veins 
are  conveyed  by  the  short  communicating  branches  already  noticed. 


LOWER  VENA  CAVA. 

The  lower  or  ascending  vena  cava  returns  the  blood  from  the  lower  limbs, 
and  from  the  viscera  of  the  pelvis  and  abdomen.  It  commences  at  the 
junction  of  the  two  common  iliac  veins  on  the  side  of  the  fifth  lumbar 
vertebra,  and  thence  ascends  along  the  right  side  of  the  aorta,  as  far  as  the 
posterior  border  of  the  liver  ;  it  there  becomes  lodged  in  a  groove  in  that 
organ,  after  which  it  inclines  forwards  to  reach  the  opening  in  the  diaphragm 
appropriated  to  it,  and,  after  being  enclosed  in  a  fold  of  the  pericardium, 
terminates  in  the  right  auricle  of  the  heart.  A  large  valve  is  situated  at 
its  entrance  into  the  auricle,  named  the  valve  of  Eustachius,  which,  however, 
as  already  explained  in  the  description  of  the  heart,  is  only  a  vestige  of 
foetal  structure,  variable  in  size,  and  without  influence  in  preventing  reflux 
of  the  blood. 

Tributaries. — Besides  the  common  iliac  veins,  the  inferior  vena  cava 
receives  the  following  : — 

a. — The  middle  sacral  vein,  taking  its  course  upwards  on  the  front  of  the 
sacrum,  opens  into  the  left  common  iliac  vein,  or  into  the  commencement  of 
the  vena  cava. 

6.— The  lumbar  veins  correspond  in  number  with  the  arteries  of  the  same 
name  :  they  commence  by  small  dorsal  branches  in  the  muscles  of  the  back  • 
and  by  others  from  the  walls  of  the  abdomen,  where  they  communicate 
with  the  epigastric  and  other  veins  in  the  neighbourhood.  Having  reached 
the  spine,  they  receive  branches  from  the  spinal  plexuses,  and  proceed  forward 
upon  the  bodies  of  the  vertebrae,  behind  the  psoas  muscle  :  those  on  the  left 
side,  passing  behind  the  aorta,  terminate  in  the  back  of  the  vena  cava. 
Some  of  these  veins  are  frequently  found  to  unite  into  a  single  trunk  before 
their  termination.  The  lumbar  veins  of  the  same  side  communicate  with 
each  other  by  branches  which  cross  in  front  of  the  transverse  processes. 
*ot  ^frequently  a  branch  of  this  description  is  met  with,  called  the 
asceruhng  hembar  vein  which  connects  more  or  less  completely  the  common 
iliac  vem,  the  ilio-lumbar  and  lumbar  veins,  and  the  azygos  vein 

a -The  spermatic  veins,  proceeding  upwards  from  the  testicle  and 
forming  apart  of  the  constituents  of  the  spermatic  cord,  enter  the  abdomen 
and  ascend  on  the  psoas  muscle  behind  the  peritoneum.      Below  tie 
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abdominal  ring  there  are  numerous  convoluted  branches  forming  the  spermatic 
plexus  (plexus  pampiniform  is).  These  branches  gradually  unite,  and  form  a 
single  vessel,  which  opens  on  the  right  side  into  the  lower  vena  cava,  and  on 
the  left  into  the  renal  vein.  The  spermatic  veins  sometimes  bifurcate  before 
their  termination,  each  division  opening  separately  ;  in  this  case,  the  veins 
of  the  right  side  may  be  found  communicating  with  the  vena  cava  and  the 
renal  vein. 

In  the  female  the  ovarian  veins  have  the  same  general  course  as  the 
ovarian  arteries  ;  they  form  a  plexus  near  the  ovary  (ovarian  or  pampiniform 
plexus)  in  the  broad  ligament,  and  communicate  with  the  uterine  plexus. 

Valves  exist  in  the  spermatic  veins  in  man  (Monro)  ;  and,  in  exceptional 
cases,  they  have  been  also  seen  in  the  ovarian  veins  (Theile). 

d.  — The  renal  or  emulgent  veins  are  short,  but  of  very  considerable  size. 
That  of  the  left  side  is  longer  than  that  of  the  right,  and  passes  in  front  of 
the  aorta.  They  join  the  vena  cava  at  nearly  a  right  angle.  The  renal  veins 
usually  receive  branches  from  the  suprarenal  capsules  ;  the  left  has  also 
opening  into  it  the  spermatic  vein  of  the  same  side. 

e.  — The  capsular  or  suprarenal  veins,  though  actually  small,  are,  relatively 
to  the  organs  from  which  they  arise,  of  considerable  size.  On  the  right 
side  the  vein  ends  in  the  vena  cava,  and  on  the  left  in  the  renal  or  phrenic 
vein. 

/. — The  phrenic  vein3  follow  exactly  the  course  of  the  arteries  supplied  to 
the  diaphragm  by  the  abdominal  aorta. 

g. — The  hepatic  veins  return  from  the  liver  the  blood  sent  to  that  organ 
by  the  portal  vein  and  hepatic  artery.  They  converge  to  the  groove  in 
which  the  inferior  vena  cava  lies,  and  pass  at  once  obliquely  into  that  vein. 
There  are  usually  three  sets  of  hepatic  veins  proceeding  to  this  common 
point  :  those  from  the  right  and  left  lobes  are  oblique  in  their  direction, 
those  from  the  middle  of  the  liver  and  the  lobule  of  Spigelius  have  an 
intermediate  position  and  course.  The  hepatic  veins  have  no  valves  ;  but, 
awing  to  their  oblique  entrance  into  the  vena  cava,  a  semi-lunar  fold  is  seen 
at  the  lower  border  of  the  orifice  of  each  vein. 

Peculiarities. — The  lower  vena  cava  presents  some  occasional  deviations  from  its 
ordinary  condition,  which,  may  be  briefly  noticed. 

In  the  lower  part  of  its  course,  it  is  sometimes  placed  to  the  left  side  of 
the  aorta,  and,  after  receiving  the  left  renal  vein,  resumes  its  ordinary  position  by 
crossing  over  the  great  artery.  Less  frequently,  the  vena  cava  is  placed  altogether 
on  the  left  side,  and  is  continued  upwards  to  the  heart,  without  any  change 
in  its  direction :  this  occurs  in  cases  of  transposition  of  the  thoracic  and  abdominal 
viscera  and  of  the  great  vessels.  ,  ,  , 

In  a  more  numerous  class  of  cases,  the  left  common  iliac  vein,  instead  of  joining 
the  right  in  its  usual  position,  is  connected  with  it  only  by  a  small  branch,  and  then 
ascends  on  the  left  side  of  the  aorta.  After  receiving  the  left  renal  vein,  it  crosses 
over  the  aorla,  and  terminates  by  uniting  with  the  common  iliac  vein  of  the  right 
side.  In  these  cases,  the  vena  cava  inferior  can  be  said  to  exist  only  at  the 
upper  part  of  the  abdomen,  and  below  this  point  there  is  a  vein  on  each  side  of  the 
aorta. 

Lastly,  the  lower  vena  cava,  instead  of  ending  in  the  right  auricle  of  the  heart, 
has  been  seen  to  join  the  right  azygos  vein,  which  is  then  very  large ;  so  that  the 
blood  from  the  lower,  as  well  as  from  the  upper  part  of  the  body,  is  returned  to  the 
heart  through  the  upper  vena  cava.  In  this  case,  the  hepatic  veins  do  not  join  the 
lower  cava,  but  pass  directly  into  the  right  auricle,  at  the  usual  place  of  termination 
of  the  great  vein. 

The  left  renal  vein  has  been  seen  to  cross  behind  the  aorta. 

In  a  remarkable  case,  observed  by  Rothc,  one  of  the  hepatic  veins  ended,  not  in 
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the  lower  cava,  nor  in  the  right  auricle,  but  in  the  right  ventricle  of  the  heart,  its 
orifice  being  guarded  by  valves.  (Act.  Acad.  Joseph.  Med.  Chir.  Vindobonensis,  t.  i. 
p.  233,  tab.  5.    Vindobonce,  1788.) 


Fig.  322. 


VEINS  OF  THE  LOWER  LIMB  AND  PELVIS. 

The  veins  of  the  lower  limb  are  divisible  into  two  sets,  those  of  one  being 
deeply  seated,  those  of  the  other  running  in  the 
superficial  fascia.  All  the  veins  of  the  lower  limb, 
as  high  as  the  femoral  venous  trunk,  are  provided 
with  valves,  and  these  are  more  numerous  than  in 
the  veins  of  the  upper  limb.  The  deep  veins  have 
more  valves  than  the  subcutaneous  set. 


Fig.  322. — Outline  op  the  Superficial  Veins  of  tue 
Lower  Limb. 

1,  the  saphenous  aperture  of  the  fascia  lata  ;  a,  super- 
ficial epigastric  vein  ;  b,  external  pudic  ;  c,  superficial  cir- 
cumflex iliac ;  d,  external  or  short  saphenous  beginning  on 
the  dorsum  of  the  foot  (see  Fig.  326). 


SUPERFICIAL  VEINS  OF  THE  LOWER  LIMB. 

Immediately  beneath  the  integument,  on  the 
dorsum  of  the  foot,  there  exists  a  network  of 
veins  forming  an  arch,  from  which  issue  two 
principal  trunks,  which  are  named  the  internal  or 
long  and  the  external  or  short  saphenous  veins. 

The  internal  or  long  sajihenous  vein  extends 
from  the  ankle  to  within  an  inch  and  a  half  of 
Poupart's  ligament.  Taking  rise  from  the  plexus 
of  veins  on  the  dorsum  of  the  foot,  it  passes  up- 
wards in  front  of  the  inner  ankle,  and  along  the 
inner  border  of  the  tibia,  accompanied  by  the 
internal  saphenous  nerve.  It  inclines  a  little  back- 
wards as  it  passes  the  inner  condyle  of  the  femur, 
and  ascending  along  the  inner  and  fore  part  of  the 
thigh,  it  terminates  in  the  femoral  vein,  at  the 
saphenous  opening  in  the  fascia  lata,  through  which 
it  passes. 

In  the  leg  it  communicates  with  the  deep  veins 
accompanying  the  anterior  and  posterior  tibial 
arteries,  and  in  the  thigh  one  or  more  branches 
pass  between  it  and  the  femoral  vein.  This  long 
vein  has  a  variable  number  of  valves.  Sometimes 
six  have  been  counted  ;  in  other  cases  only  four 
or  even  two  It  contains  more  in  its  course 
through  the  thigh  than  in  the  leg. 


A 


TRiBUTARiKS.-The  long  saphenous  vein  is  joined  in  its  ^ 
course  by  numerous  cutaneous  vessels.  Close  to  its  ter~mi 
nation  it  receives,  besides  a  considerable  anterio  b  £? 
the  superficial  epigastric,  external  pudic,  and  superficial 
circumflex  iliac  veins,  corresponding  severally  Sf  , 

V     "ig  severally  to  arterial  branches  of  the  same  name. 

i  i  2 
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It  is  also  usually  joined  near  its  termination  by  a  posterior  branch  of  considerable 
size,  coming  from  the  posterior  and  inner  part  of  the  thigh. 

The  external  or  short  saphenous  vein  proceeds  from  branches,  which  arise 
along  the  outer  side  of  the  dorsum  of  the  foot.     It  passes  behind  the 

Fig.  323. — Outline  op  the  Posterior  or  Short  Saphenous 

Vein. 

The  vein,  commencing  on  the  dorsum  and  outside  of  the 
foot,  is  seen  to  pass  up  behind  the  outer  ankle  and  to  dip 
beneath  the  fascia  in  the  popliteal  space. 

outer  ankle,  and  gradually  inclines  backwards  to 
ascend  along  the  border  of  the  tendo  Achillis  and  on 
the  belly  of  the  gastrocnemius  muscle,  accompanied 
by  the  external  saphenous  nerve ;  running  upwards 
between  the  heads  of  the  gastrocnemius,  it  unites 
with  the  popliteal  vein.  Opposite  the  ankle  and 
along  the  leg  it  communicates  with  the  deep  veins  : 
and  it  receives  superficial  accessory  veins  from  the 
outer  part  of  the  foot  and  the  back  of  the  leg. 

THE  DEEP  VEINS  OF  THE  LOWER  LIMB. 

The  deep  veins  accompany  the  arteries  and  their 
branches,  following  exactly  their  distribution.  Those 
below  the  knee,  being  for  the  most  part  disposed  in 
pairs,  and  presenting  the  disposition  described  in  the 
corresponding  veins  of  the  upper  limb,  are  named  the 
vena?  comites  of  the  vessels  with  which  they  are  as- 
sociated. The  venae  comites  of  the  arteries  of  the 
leg,  namely,  the  anterior  and  posterior  tibial  veins 
(the  latter  having  previously  received  the  peroneal), 
unite  near  the  lower  border  of  the  popliteus  muscle, 
and  form  by  their  junction  the  popliteal  vein.  The 
valves  of  the  deep  veins  of  the  leg  are  very  numerous, — ten  or  twelve  being 
Bometimes  found  between  the  heel  and  the  knee. 

The  popliteal  vein,  thus  formed,  receives  smaller  branches  correspond- 
ing with  the  articular  and  muscular  arteries,  and  the  larger  branch  named 
the  external  saphenous  vein.  In  its  course  through  the  ham,  the  popliteal 
vein  is  placed  at  first  internal  to  the  popliteal  artery,  then  behind,  and 
lastly  to  the  outer  side  of  it,  but  always  posteriorly  and  between  it  and  the 
nerve.  Thus  situated,  it  passes  up  through  the  aperture  in  the  adductor 
magnus,  and  becomes  continuous  with  the  femoral  vein. 

Peculiarities.  The  union  of  the  veins  which  form  the  popliteal  is  often  farther 

up  than  usual,  and  the  lower  part  of  the  artery  is  accompanied  by  two  veins.  This 
arrangement  in  some  rare  cases  extends  to  the  entire  length  of  the  artery. 

The  femoral  vein  extends,  like  the  artery  which  it  accompanies,  through 
the  upper  two-thirds  of  the  thigh,  and  terminates  at  Poupart's  ligament  in 
the  external  iliac  vein.  Placed  at  first  outside  the  artery,  it  gradually  inclines 
inwards  behind  it,  and  on  reaching  Poupart's  ligament,  lies  on  the  inner 
side  on  the  same  plane  with  the  artery,  and  separated  from  it  only  by  a 
slight  partition  of  the  membranous  sheath,  by  which  they  are  both  invested. 


Fig.  323. 


FEMOKAL  AND  ILIAC  VEINS. 
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In  the  lower  part  of  its  course,  the  veiu  receives  all  the  branches  which 
accompauy  the  ofl'sets  of  the  chief  artery.  In  the  upper  part,  the  deep 
femoral  vein  opens  into  it,  having  first  received  all  the  branches  from 
muscles  supplied  by  the  deep  femoral 

artery.    Near  its  termination  the  fe-  Fig.  324. 

moral  vein  is  joined  by  the  internal 
saphenous  vein. 

Fig.  324. — View  of  the  Blood-vessels 
op  the  Groin  and  neighbouring:  parts 
(from  R.  Quain).  £ 

The  full  description  of  this  figure  will  be 
found  at  p.  436.  The  following  numbers 
indicate  the  veins  : — 2,  the  femoral  vein  ;  3, 
the  large  or  internal  saphenous  vein ;  3', 
anterior  saphenous  ;  4,  superficial  circumflex 
veins  with  twigs  to  the  inguinal  glands ; 
5,  superficial  epigastric  ;  6,  superficial 
pudic. 

The  femoral  vein  occasionally  pursues 
a  course  different  from  that  of  the  artery 
along  the  thigh.  Extending  upwards  from 
the  popliteal  space,  the  vein  in  such  cases 
perforates  the  adductor  magnus  above  the 
ordinary  position,  and  joining  with  the 
deep  femoral  vein  first  approaches  the 
femoral  artery  at  the  groin.  The  same 
vein  is  sometimes  double  in  a  small  part, 
or  more  rarely  in  almost  its  whole 
length. 


EXTERNAL  ILIAC  VEIN. 

The  external  iliac  vein  is  the  continuation  of  the  femoral  vein  from 
Poupart's  ligament  to  the  junction  of  the  internal  iliac  vein,  in  the  neigh- 
bourhood of  the  sacro-iliac  articulation.  It  is  at  first  internal  to  the 
artery,  and  on  the  left  side  it  continues  in  that  position,  but  on  the  rio-ht 
side  it  gradually  inclines  somewhat  behind  the  artery.  It  does  not  possess 
valves.  r 


TRiBUTARiEs.-Near  its  commencement  at  Poupart's  ligament,  the  external  iliac 
vein  receives  the  circumflex  iliac  and  the  epigastric  veins. 


INTERNAL  ILIAC  VEIN. 


rJtlh  Z  T  18  f0med  by  the  UDion  of  branches  *Kch  ^com- 

pany the  corresponding  branches  of  the  internal  iliac  artery.    The  umbilSal 

vein  of  the  foetus  however,  which  in  the  cord  accompanies  the  correTonS 
to  the  hver.     Ihe  internal  iliac  vein  lies  behind  the  corresponding  arterv 

Z  the  u  fT"iliT  and,  after  a  short  course  upwZ 

to  the  margin  of  the  pelvis,  joins  with  the  external  iliac  vein  to  foZ  Ihe 

bTZy  Si  /its  br^heT  *"*  *  ^  *  *»  * W-e£ 
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Tributaries. — The  tributaries  of  the  internal  iliac  vein  correspond  in 
general  to  the  various  branches  of  the  internal  iliac  artery,  with  the 
exception  that  the  internal  pudic  vein  does  not  receive  the  main  supply 
of  blood  from  the  dorsal  vein  of  the  penis.  The  visceral  veins  are  remark- 
able for  their  size  and  frequent  anastomoses,  and  have  been  described  as 
forming  a  series  of  plexuses,  severally  named  the  vesical,  prostatic,  luzmorr- 
hoidal,  uterine,  and  vaginal. 

Fig.  325.  Fig.  325.— Internal 

View  of  the  Male 
Pelvis  fkom  the 
left  side,  to  show 
the  Principal 
Veins.  J 

The  greater  part 
of  the  os  innomina- 
tum  and  pelvic  wall 
of  the  left  side,  and 
the  upper  parts  of 
the  rectum  and 
urinary  bladder,  have 
been  removed :  the 
left  common  iliac  and 
the  right  internal 
iliac  arteries,  and  the 
left  external  and  in- 
ternal iliac  veins,  have 
been  cut  short,  a, 
the  right  psoas  inag- 
nus  muscle ;  b,  the 
anterior  superior  iliac 
spine  ;  c,  Poupart's 
ligament ;  d,  the 
cavernous  and  spongy 
bodies  of  the  penis 
divided  near  the  root ; 
+  ,  the  spongy  body 
of  the  bulb,  above 
which  the  mem- 
branous part  of  the 
urethra,  the  prostate, 
&c.  ;  e,  the  left  os 
pubis  close  to  the 
symphysis ;  /,  the 
anus  ;  g,  the  spine  of 

the  ischiumvwith  the  short  sacro-sciatic  ligament  ;  h,  auricular  sacro-iliac  surface ;  i, 
interior  of  the  urinary  bladder  ;  k,  exterior  of  the  rectum  ;  I,  transverse  process  of  the 
fourth  lumbar  vertebra;  1,  lower  part  of  the  vena  cava  inferior  ;  1',  abdominal  aorta;  2, 
common  iliac  veins ;  2',  right  common  iliac  artery  ;  3,  external  iliac  veins  ;  3',  external 
iliac  artery  ;  4,  internal  iliac  veins,  that  of  the  light  side  entire,  that  of  the  left  divided 
and  in  great  part  removed  ;  5,  middle  and  other  veins  of  the  sacral  plexus  ;  6,  ilio-lurabar 
and  lumbar  veins  ;  7,  right  gluteal  and  upper  lateral  sacral  veins;  8,  8',  obturator  vein 
and  artery  of  the  right  side  ;  9,  pelvic  plexus  of  veins  of  the  right  side  ;  9',  that  of  the 
left  side  connected  with  the  lower  vesical  plexus;  10,  placed  on  the  right  side  mi  the 
short  sacro-sciatic  ligament  immediately  below  the  division  of  the  internal  iliac  vein  into 
the  pudic  and  sciatic  veins  :  on  the  left  side,  below  4,  the  sciatic  vein  is  cut  short ;  10, 
lower  down,  the  pudic  vein  ;  10',  the  perineal  veins  ;  11,  placed  on  the  prostate  among 
the  lower  vesical  veins,  into  one  of  which  the  left  dorsal  vein  of  the  penis,  11,  is  seen  to 
pass  ;  12,  placed  on  the  lower  part  of  the  rectum,  may  indicate  the  plexus  of  hemorrhoidal 
veins. 

The  vesical  plexus  presents  vessels  over  the  whole  of  the  bladder  external 
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to  its  muscular  coat,  but  they  are  particularly  rich  towards  the  base  of  the 
organ,  and  are  there  closely  connected  with  the  prostatic  and  htemorrhoidal 
plexuses  in  the  male,  and  with  the  vaginal  plexus  in  the  female. 

The  prostatic  plexus  receives  two  large  vessels,  one  at  each  side,  the  divi- 
sions of  the  dorsal  vein  of  the  penis>  These,  coursing  downwards  and 
backwards  on  the  sides  of  the  prostate  gland,  expand  iuto  a  close  network 
at  the  base  of  the  gland,  which  is  quite  encircled  by  it. 

The  hemorrhoidal  plexus  consists  of  enlarged  and  copiously  anastomosing 
veins  in  the  walls  of  the  lower  part  of  the  rectum,  immediately  underneath 
the  mucous  membrane.  From  it  proceed  superior,  middle,  and  inferior 
hemorrhoidal  veins  accompanying  the  arteries  of  the  same  name,  and  it 
communicates  freely  with  the  plexuses  in  front  of  it.  The  superior 
hsemorrhoidal  vein  being  a  branch  belonging  to  the  portal  system,  the 
hemorrhoidal  plexus  forms  a  very  direct  communication  beween  the  portal 
and  general  venous  systems. 

The  vaginal  plexus  surrounding  the  vagina,  principally  in  its  lower  part, 
communicates  freely  with  the  haemorrhoidal  and  vesical  plexuses. 

The  uterine  plexus  pours  its  blood  in  greatest  part  into  the  ovarian  veins, 
and  is  not  considerable  except  in  pregnancy. 

The  dorsal  vein  of  the  penis  commences  by  branches  which  issue  from  the 
glans  penis,  and  form  in  the  first  instance  two  veins,  one  at  each  side  of  the 
middle  line,  in  the  dorsal  groove  of  the  penis.  These  receive  branches  from 
the  spongy  body  of  the  penis,  and  some  superficial  veins  which  accompany 
the  external  pudic  arteries,  and  proceeding  backwards  unite  and  form  a 
short  trunk  which  enters  the  pelvis  beneath  tha  subpubic  ligament.  Here 
it  divides  into  two  branches,  which  are  directed  obliquely  downwards  over 
the  prostate  and  the  neck  of  the  bladder,  and  are  united  with  the  prostatic 
plexus. 

COMMON  ILIAC  VEIN. 

The  common  iliac  vein  is  formed  by  the  confluence  of  the  external  and 
internal  iliac  veins.  Extending  from  the  sacro-iliac  articulation  upwards  to 
near  the  junction  of  the  fifth  with  the  fourth  lumbar  vertebra,  at  a  point 
a  little  to  the  right  of  the  middle  line,  the  two  common  iliac  veins  unite  to 
form  the  lower  or  ascending  vena  cava.  The  right  vein  is  shorter  than  the 
left,  and  is  nearly  vertical  in  its  direction.  The  right  vein  is  placed 
behind,  and  then  to  the  outer  side  of  its  artery  ;  whilst  the  left  vein  is  to 
the  inner  side  of  the  left  common  iliac  artery,  and  then  passes  behind  the 
right.    These  veins  are  destitute  of  valves. 


PORTAL  SYSTEM  OF  VEINS. 

The  portal  vein  differs  from  other  veins  of  the  body  in  being  subdivided 
into  branches  at  both  its  extremities.  The  branches  of  origin  by  the 
union  of  which  it  may  be  said  to  be  formed,  are  the  veins  of  the  chylo- 
poietic  viscera,  viz  the  stomach,  intestine,  pancreas,  and  spleen  ;  the 
other  branches,  or  those  of  distribution,  ramifying  after  the  manner  of  an 
artery  in  the  substance  of  the  liver,  convey  to  the  capillaries  of  that  or-an 
he  blood  collected  in  the  main  trunk.  This  blood,  together  with  that  of 
the  hepatic  artery,  after  having  served  for  the  secretion  of  the  bile  and  the 
nourishment  of  the  liver,  is  withdrawn  from  that  organ  by  the  hepatic  veins 
and  carried  by  them  into  the  vena  cava  inferior  ' 

The  portal  vein  ok  vENA  pokt*  is  about  three  inches  in  length. 
Commencing  at  the  junction  of  the  splenic  and  superior  mesenteric  vein!,  it 


480 


PORTAL  VEIN. 


passes  upwards  ami  a  little  to  the  right  to  reach  the  transverse  fissure  of  the 
liver.    It  is  placed  close  behind  the  hepatic  artery  and  the  bile  duct  :  and 

Fig.  326. — View  of  the  Prin- 
cipal Branches  op  the  Vena 
PorTjE.  \ 

1,  lower  surface  of  the  right 
lobe  of  the  liver  ;  2,  stomach  ;  3, 
spleen ;  4,  pancreas  ;  5,  duode- 
num ;  6,  ascending  colon ;  7, 
small  intestines ;  8,  descending 
colon  ;  a,  vena  portse  dividing  in 
the  transverse  fissure  of  the  liver  ; 
6,  splenic  vein  ;  c,  right  gastro- 
epiploic ;  d,  inferior  mesenteric  ; 
e,  superior  mesenteric  vein ;  /, 
superior  mesenteric  artery. 

is  surrounded  by  the  fila- 
ments of  the  hepatic  plexus 
of  nerves,  together  with  nu- 
merous lymphatics.  All  these 
are  imbedded  in  loose  con- 
nective tissue,  and  enclosed 
within  the  layers  of  the  small 
omentum.  Within  the  trans- 
verse fissure  it  is  somewhat 
enlarged,  and  is  there  named 
sinus  of  the  portal  vein. 

Near  the  right  end  of  the 
transverse  fissure,  the  vena 
portse  divides  into  two 
branches.  That  of  the  right 
side  enters  directly  the  sub- 
stance of  the  corresponding 
lobe  of  the  liver,  and  spreads  out  into  branches,  each  of  which  is  accom- 
panied by  an  offset  of  the  hepatic  artery  and  of  the  hepatic  duct.  The 
left  branch,  which  is  smaller,  but  necessarily  longer,  passes  across  to  gain 
the  left  end  of  the  transverse  fissure,  where  it  enters  the  liver  aud  ramifies 
like  the  preceding  branch. 

Tributaries. — The  principal  branches  which  by  their  union  contribute  to 
form  the  vena  portse  are  the  coronary  vein  of  the  stomach,  the  superior 
mesenteric  aud  the  splenic  veins.  The  cystic  vein  is  also  sometimes  a 
lateral  tributary  of  the  portal  vein,  but  more  frequently  proceeds  from  its 
right  branch. 

The  coronary  vein  of  the  stomach  lies  parallel  with  the  artery  of  the  same 
name.  Its  size  is  inconsiderable,  and  its  direction  transverse  from  the 
cardiac  to  the  pyloric  end  of  the  stomach  along  the  small  curvature.  On 
reaching  the  latter  point  it  turns  downwards,  and  opens  into  the  trunk  of 
the  vena  portse. 

The  splenic  vein,  a  vessel  of  very  considerable  size,  returns  the  blood 
not  only  from  the  spleen,  but  also  from  the  pancreas,  the  duodenum,  the 
greater  part  of  the  stomach  and  omentum,  the  descending  colon,  and  part 
of  the  rectum.    It  commences  by  five  or  six  branches,  which  issue  sepa- 
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rately  from  the  fissure  of  the  spleen,  and  soon  join  to  form  a  single  vessel. 
It  is  directed  from  left  to  right  beneath  the  pancreas,  in  company  with  the 
splenic  artery,  below  which  it  is  placed.  On  reaching  the  front  of  the  spine 
it  joins  the  superior  mesenteric  vein,  nearly  at  a  right  angle.     It  receives 


Fig.  327. — Diagramma- 
tic Outline  of  the 
Portal  Vein  and  its 
relation  to  the  llver, 
&C.  i 

The  liver  is  supposed 
to  be  turned  upwards  so 
as  to  present  a  portion  of 
its  under   surface.  a, 
gall-bladder ;   b,  square 
lobe ;   c,    left  lobe ;  1, 
trunk  of  the  vena  portae  ; 
2,  great  or  superior  me- 
senteric   vein ;    2',  its 
middle  colic  branch,  form- 
ing loops  of  communica- 
tion between  the  right 
and  left  colic  veins ;  3, 
intestinal  branches  ;  + , 
small  pancreatico-duode- 
nal    branch ;    4,  right 
colic   branch  ;    5,  ileo- 
colic ;  6,  coronary  vein  of 
the  stomach  ;  +  +  ,  right 
gastroepiploic  ;  7,  sple- 
nic vein  ;  7',  its  branches 
to  the  spleen ;    7",  its 
branches  to  the  stomach  ; 
8,    inferior  mesenteric 
vein;  9,  left  colic  branch; 
9',    its  communication 
with  the  middle  colic; 
10,  sigmoid  ;  11,  hemorr- 
hoidal ;  12,  the  right,  and 

1 3,  the  left  division  of  the 
vena  porta  in  the  trans- 
verse fissure  of  the  liver  ; 

14,  the  obliterated  cord 
of  the  umbilical  vein 
passing  through  the  an- 
tero-posterior  fissure  to 
join  the  left  division  of 
the  vena  portae  ;  15,  the 
obliterated  cord  of  the 
ductus  venosus  passing 
from  the  left  division  of  the 
vena  cava  hiferiur,  of  which 


Fig.  327. 


vena  porte  to  one  of  the  hepatic  veins  connected  with  16  the 
a  part  is  represented  in  shade.  ' 


gastric  branches  (vasa  brevia)  from  the  left  extremity  of  the  stomach  the 
ESfZ^^"  *~  -d  ^"nches,  and  to  £ 

and^w^^^^  right  side, 

its  branches  corresponds  with  that  of  f V  ^  ^  The  di9tributio»  * 
returns  the  blood  from  the  severa  ^2??^^  ***  * 

the  small  intestine,  and  from  the  ascend       i  I  ^  V6SSe1'  ™"  ^ 
,     u  uum  tne  ascending  and  transverse  parts  of  the 
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colon.  The  trunk,  formed  by  the  union  of  its  several  branches,  inclines 
upwards  and  to  the  right  side,  passing  in  front  of  the  duodenum  and  behind 
the  pancreas,  where  it  joins  with  the  splenic  vein  to  form  the  venae  portse. 

The  branches  of  the  inferior  mesenteric  vein  correspond  with  the  ramifica- 
tions of  the  artery  of  the  same  name.  They  commence  at  the  lower  part  of 
the  rectum  in  the  hsemorrhoidal  plexus,  and  uuite  into  a  single  vessel  near 
the  sigmoid  flexure  of  the  colon.  From  this  point  the  vein  proceeds  up- 
wards and  inwards  along  the  lumbar  region,  behind  the  peritoneum,  crossing 
between  the  transverse  mesocolon  and  the  spine,  or  farther  to  the  left,  and 
then  passing  beneath  and  behind  the  pancreas,  it  reaches  the  splenic  vein 
in  which  it  terminates. 


VEINS  OF  THE  HEART. 

The  greater  number  of  the  cardiac  veins  are  collected  into  a  large  common 
trunk  which  pours  its  blood  into  the  posterior  part  of  the  right  auricle,  in 
the  angle  between  the  inferior  vena  cava  and  the  right  auriculo-ventricular 
orifice.  The  terminal  part  of  this  vein  is  considerably  dilated,  and  is  named 
the  coronary  sinus.  The  principal  veins  leading  into  it  are  named  the  great, 
the  posterior,  and  the  anterior  or  small  coronary  veins.  Among  these  the 
first  alone  deserves  the  name  of  coronary,  as  it  surrounds  the  heart  in  the 
left  auriculo-ventricular  groove. 

Besides  the  larger  cardiac  veins  which  join  the  great  coronary  sinus, 
there  are  also  small  separate  veins  (venae  minimie  cordis),  which  open 
directly  into  the  right  auricle,  especially  along  its  right  border.  The  open- 
ings of  these  veins,  as  well  as  some  depressions  which  do  not  admit  veins, 
have  been  named  foramina  Thcbesii. 


Fig.  328.  Fig.  328. — View  op  the  Adult  Heart,  from 

BEHIND,  TO  SHOW  THE  CORONARY  VEINS.  £ 

a,  placed  on  the  back  of  the  right  auricle, 
points  to  the  Eustachian  valve  seen  within 
the  opening  of  the  inferior  vena  cava  ;  b,  the 
back  of  the  left  auricle  ;  c,  back  of  the  right 
ventricle  ;  d,  left  ventricle  ;  e,  vena  cava  supe- 
rior ;  /,  arch  of  the  aorta  ;  1,  sinus  of  the 
great  coronary  vein  ;  2,  great  coronary  vein  turn- 
ing round  the  heart  in  the  auriculo-ventricular 
groove  ;  3,  4,  posterior  branches  ;  5,  one  of  the 
small  right  cardiac  veins  passing  directly  into 
the  right  auricle ;  6,  the  vestige  of  the  left 
superior  vena  cava  proceeding  over  the  left 
auricle  downwards  to  join  the  coronary  sinus. 

The  veins  of  the  heart  are  without 
valves  excepting  at  their  terminations. 

The  great  cardiac  vein  (vena  cordis 
magna)  is  a  vessel  of  considerable  size, 
and  from  the  way  in  which  it  coils  round 
the  left  side  of  the  base  of  the  heart, 
or  rather  of  the  ventricle,  it  may  be 
named  "  coronary."  Its  chief  branch 
runs  along  the  groove  upon  the  fore  part  of  the  heart,  corresponding  with 
the  septum  of  the  ventricles.  Commencing  at  the  apex  of  the  heart,  it 
gradually  increases  in  size  as  it  approaches  the  base  of  the  ventricles,  and 
then  inclining  backwards  and  to  the  left  side  in  the  groove  between  the  left 
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auricle  and  ventricle,  ends  in  the  coronary  sinus  :  a  valve  of  two  segments 
closes  its  aperture  in  the  sinus.  In  this  course  it  receives  branches  from 
the  veutricles,  especially  from  the  left,  and  also  from  the  left  auricle  ;  and 
as  it  passes  round  the  thick  margin  of  the  left  ventricle,  it  receives  a  vein  of 
some  size,  which  ascends  to  join  it. 

The  posterior  cardiac  veins  ascend  on  the  back  of  the  ventricles,  espe- 
cially on  the  left,  and  open  into  the  coronary  sinus  by  four  or  more  valved 
orifices.  One  of  these,  larger  than  the  rest  (middle  or  posterior  cardiac 
vein),  ascends  along  the  groove  between  the  ventricles  upon  the  posterior 
surface  of  the  heart.  It  commences  by  small  branches  at  the  apex  of  the 
heart,  which  communicate  with  those  of  the  preceding  vein,  and  then 
ascends  to  the  base,  receiving  branches  from  the  substance  of  both  ventricles. 

The  small  or  anterior  cardiac  veins  (venae  cordis  parva?)  are  several  small 
branches,  which  commence  upon  the  anterior  surface  of  the  right  ventricle, 
and  passing  upwards  and  outwards,  open  separately  into  the  right  auricle, 
after  having  crossed  over  the  groove  between  it  and  the  ventricle. 

The  coronary  sinus  is  about  an  inch  in  length,  and  is  placed  at  the  back 
of  the  heart  iu  the  transverse  groove  between  the  left  auricle  and  ventricle, 
where  it  is  covered  by  the  muscular  fibres  of  the  auricle.  At  one  end  it  is 
joined  by  a  small  vein  from  the  right  side,  and  opens  into  the  right  auricle 
beneath  the  Thebesian  valve  ;  at  the  other,  it  receives  the  large  coronary 
vein,  and  a  small  straight  vein  directed  obliquely  along  the  back  of  the  left 
auricle  ;  whilst  between  those  points  other  veins  enter  it  from  the  back  of 
the  heart.  All  the  veins  joining  it,  except  the  small  oblique  vein,  are  pro- 
vided with  more  or  less  complete  valves  at  their  terminations. 

The  coronary  sinus,  together  with  the  small  oblique  vein  above  referred  to,  con- 
sidered  with  reference  to  their  early  foetal  condition  and  certain  malformations  to 
which  they  are  subject  along  with  other  neighbouring  veins,  may  be  looked  upon 
rather  as  the  persistent  terminal  parts  of  a  typically  distinct  left  superior  vena  cava, 
than  as  simply  the  main  stem  of  the  cardiac  veins.  The  explanation  of  this  will 
be  found  in  what  follows  on  the  development  of  these  veins. 

DEVELOPMENT  OF  THE  GREAT  VEINS. 

In  the  young  fetus  before  the  development  of  the  allantoic  a  right  and  a  left 
omphalomesenteric  vein  bring  back  the  blood  from  the  walls  of  the  umbilical  vesicle, 

"^aimeSyhett^  fa  **  ^'emity 

lifl^CW^  COmme"cem,entof  tbe  Pfeceutal  circulation,  or  in  the  third  week  of  foetal 
life  (Coste),  two  umbilical  veins  have  been  seen  coming  from  the  placenta,  and  unit- 

Vlv  soonmthe  rS, TV?"*  the  common  omphalomesenteric  vet 

Very  soon  the  right  omphalomesenteric  vein  and  right  umbilical  vein  disappear 

two  sets  oi  vessels  make  their  appearance  in  the  young  liver.    Those  furthest  from 

portion  of  vessel  inl^n^t™£  T"  ^^/^^  Th* 

venosus  (p.  329),  and  the  part  abovfL  k  •  8ete,°  Vems  for™  the  dllct>" 
the  ascending  vena  cava  form  the uont ^?  SS  bei"g  ""^qudtly  Join*  by 
or  left  omphflo-moMnt^^  of  that  vein.    Into  the  remaining 

above  the  latter  forms  the  trun o^z^Z   ™  ""5  f  "**  The  part 

tween  the  union  of  this  with  tSe^biuiw ffJStt  VST  °f  ^  b* 

advehentes  is  so  altered  that  the  portal  trnnl  *  °n.gm  °f  tUe  VCn!e  hepatica5 

right  vena  advehens.  P  Uak  °pen9  iato  the  commencement  of  the 

At  the  time  of  the  commencement  of  thP  nUn^i^    •  i 
verse  venous  trunks,  the  ducts  of  Ouli%  „     Placental  circulation,  two  short  trans- 
acts oj  Ouner,  open,  one  on  each  side,  into  the  auricle  of 
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the  heart.  Each  is  formed  by  the  union  of  a  superior  and  an  inferior  vein,  named 
the  primitive  jugular  and  the  cardinal. 

The  primitive  jugular  vein  receives  the  blood  from  the  cranial  cavity  by  channels 
in  front  of  the  ear,  which  are  subsequently  obliterated ;  in  the  greater  part  of  its 
extent  it  becomes  the  external  jugular  vein  ;  and  near  its  lower  end  it  receives  small 
branches,  which  grow  to  be  the  internal  jugular  and  subclavian  veins.  The  cardinal 
veins  are  the  primitive  vessels  which  return  the  blood  from  the  Wolffian  bodies,  the 
vertebral  column,  and  the  parietes  of  the  trunk.  The  inferior  vena  cava  is  a  vessel  of 
later  development,  which  opens  into  the  trunk  of  the  umbilical  and  omphalo-mesenteric 
veins,  above  the  venaj  hepaticae  revehentes.  The  iliac  veins,  which  unite  to  form  the 
inferior  vena  cava,  communicate  with  the  cardinal  veins.  The  inferior  extremities  of 
the  cardinal  veins  are  persistent  as  the  internal  iliac  veins.    Above  the  iliac  veins  the 

Fig.    329.  —  Diagrams  illustrating 

THE    DEVELOPMENT    OP    THE    (ji  RE  AT 

Veins  (after  Kolliker). 

A,  plan  of  the  principal  veins  of  the 
foetus  of  about  four  weeks,  or  soon  after 
the  first  formation  of  the  vessels  of  the 
liver  and  the  vena  cava  inferior. 

B,  veins  of  the  liver  at  a  somewhat 
earlier  period. 

C,  principal  veins  of  the  foetus  at  the 
time  of  the  first  establishment  of  the 
placental  circulation. 

D,  veins  of  the  liver  at  the  same 
period. 

dc,  the  right  and  left  duets  of  Cuvier; 
ca,  the  right  and  left  cardinal  veins  ; 
j.j,  the  jugular  veins  ;  s,  the  subclavian 
veins;  az,  the  azygos  vein;  u,  the  um- 
bilical or  left  umbilical  vein  ;  u'  in  B, 
the  temporary  right  umbilical  vein ;  o, 
the  oinphalo-mesenteric  vein  ;  o',  the 
right  oraphalo-mesenterie  vein  ;  m,  the 
mesenteric  veins ;  p,  the  portal  vein  ; 
p',  p',  the  vena  adveheutes  ;  I,  the  duc- 
tus venosus  ;  V,  I',  the  hepatic  veins  ; 
ci,  vena  cava  inferior  ;  il,  the  division 
of  the  veua  cava  inferior  into  common 
iliac  veins  ;  cr,  the  external  iliac  or 
crural  veins  ;  h,  the  hypogastric  or  in- 
ternal iliac  veins,  in  the  line  of  continua- 
tion of  the  primitive  cardinal  veins. 

In  C,  li,  in  dotted  lines,  the  trans- 
verse branch  of  communication  between 
the  jugular  veins  which  forms  the  left 
innominate  vein  ;  ri,  the  right  innomi- 
nate vein  ;  ca',  the  remains  of  the  left 
cardinal  vein  by  which  the  superior 
intercostal  veins  fall  into  the  left  in- 
nominate vein  ;  above  p,  the  obliquely 
crossing  vein  by  which  the  hemiazygos 
joins  the  azygos  vein. 

cardinal  veins  are  obliterated  in  a  considerable  part  of  their  course  j  their  upper  por- 
tions then  become  continuous  with  two  new  vessels,  the  posterior  vertebral  veins  of 
Eathke,  which  receive  the  lumbar  and  intercostal  twigs. 

As  development  proceeds,  the  direction  of  the  ducts  of  Cuvier  is  altered  by  the 
descent  of  the  heart  from  the  cervical  into  the  thoracic  region,  and  becomes  con- 
tinuous with  that  of  the  primitive  jugular  veins.  A  communicating  branch  makes  its 
appearance,  directed  transversely  from  the  junction  of  the  left  subclavian  and  jugular 
veins,  downwards,  and  across  the  middle  line  to  the  right  jugular;  and  further  down 


Fig.  320. 


DEVELOPMENT  OF  THE  VEINS. 


485 


in  the  dorsal  region  between  the  posterior  vertebral  veins  a  communicating  branch 
passes  obliquely  across  the  middle  line  from  right  to  left.  The  communicating  branch 
between  the  primitive  jugular  veins  forms  the  left  innominate  vein.  The  portion  of 
vessel  between  the  termination  of  the  right  subclavian  vein  and  the  termination  of  the 
communicating  branch  becomes  the  right  innominate  vein.  The  portion  of  the  primi- 
tive jugular  vein  below  the  communicating  vein,  together  with  the  right  duct  of  Cuvier, 
forms  the  vena  cava  superior,  while  the  cardinal  vein  opening  into  it  is  the  extremity 
of  the  great  vena  azygos.  On  the  left  side,  the  portion  of  the  primitive  jugular  vein 
placed  below  the  communicating  branch,  and  the  cardinal  and  posterior  vertebral 
veins,  together  with  the  cross  branch  between  the  two  posterior  vertebral  veins  are 


Fig.  330. 


B 


Fig.  330,  A  and  B.-Diagrammatfc  Outlines  op  the  Vestige  of  the  Left  Superior 

Cava  and  op  a  Case  op  its  Pers.stence  (sketched  after  Marshall)  J 
^  A,  Brachiocephalic  veins  with  the  superior  intercostal,  azygos,  and  principal  cardiac 

B,  the  same  in  a  case  of  persistence  of  the  left  superior  m  vi  ;+„  •   , . 

with  the  sinus  of  the  coronary  vein.  The  views ,  are I  I  '  i  >  <■  S  ltJ  c,OInnin""»tioii 
of  the  heart  being  removed.  supposed  to  be  from  before,  the  parts 

1,  1'  the  internal  jugular  veins;  2,  2',  subclavian  veins  ;  3,  right  innominate  •  V  M 
or  regular  superior  cava  ;  4,  in  A,  the  left  innominate  •  in  R  S"  ,  "  '"^  '  '  ngllt 
eating  vein  between  the  right  and  left  supe  ioT  T*' cm > '  TuTT*  "  ^Tf 
superior  intercostal  vein  into  the  innominate  :  5',  vesTice  of  thf'l.ft  t'  °pemng  °f  tbe 
of  Cuvier;  5,  5',  in  B,  the  left  vena  cava  sunerinr f„  superior  cava  or  duct 

contracted  condition  of  4,  the  communicat 6  SS„r??,"ten*' a,on«  With  a 
branches  of  the  coronary  veins  ;  7  the  nwbli  ♦  i  *  ,  ^  cor0DaiT  vein  i  &, 
cardinal  vein  ;  8,  the  principal  lujg£  o  75*  1^  ^  ff>  °F  ^ 

intercostal  veins  ;  9,  the  opening  of  the  inferior  vena 'cava.^Hh  k^r^v^" 

STSmrt  a^JiSSL'S  2LT  ^  inferiW  ^  vein, 
extent  to  which  the  originallv  coXuou  ™  JS  "F^,  dependa  0n  tlle  ™*»" 
point  or  another.    The  left  daro?SXT:bli^ir10pedt0r  at  °"e 

which  always  remains  pervious  as  the  coron . .te,ated-  exceP»  at  its  lower  end, 
the  existence  of  this  vessel  can  alwavs  be  r7™  •     ,      m  the  atMt>  tl!lces  of 

or  sometimes  even  a  narrow  vein,  which  desceSTr  ,  f°T  °f  5  fibr0U8  band' 
in  front  of  the  root  of  the  left  lung  the  re remafn.      ^Tfl  °U  thc  left  auriclc  '>  and 

g  mere  remains  a  small  fold  of  the  serous  membrane 
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of  the  pericardium,  the  restit/ial  fold  of  the  pericardium,  so  named  by  Marshall,  to 
whom  is  due  the  first  full  elucidation  of  the  nature  and  relations  of  the  left  primitive 
vena  cava. 

The  left  duct  of  Cuvier  has  been  observed  persistent  as  a  small  vessel  in  the  adult. 
More  frequently  a  right  and  left  innominate  vein  open  separately  into  the  right 
auricle,  an  arrangement  which  is  also  met  with  in  birds  and  in  certain  mammalia, 
and  which  results  from  the  vessels  of  the  left  side  being  developed  similarly  to  those 
of  the  right,  while  the  cross  branch  remains  small  or  absent.  (Quain  on  the  Arteries, 
plate  58,  figs.  9  and  10.) 

Fig.  331.  Fig.  331. — View  op  the  F(etal  Heart 

and  Great  Vessels,  from  the  left 
side,  to  snow  the  Vestige  of  the 
Left  Superior  Cava  Vein  in  situ. 
(This  figure  is  planned  after  one  of 
Marshall's,  and  slightly  altered  accord- 
ing to  an  original  dissection. ) 

a,  right  auricle ;  5,  left  auricle  and 
pulmonary  veins  ;  c,  the  conus  arteriosus 
of  the  right  ventricle  ;  tf,  the  left  ven- 
tricle;  e,  descending  aorta;  +,  vestigial 
fold  of  the  pericardium  ;  f,  arch  of  the 
aorta,  with  a  part  of  the  pericardium 
remaining  superiorly  ;  ff,  main  pulmonary 
artery  and  ductus  arteriosus  ;  g',  left  pul- 
monary artery  ;  1,  1',  right  and  left  in- 
ternal jugular  veins ;  2,  2',  subclavian 
veins  ;  3,  right  innominate  and  superior 
vena  cava  ;  4,  left  innominate  or  com- 
municating vein  ;  5,  5',  remains  of  the 
left  superior  cava  and  duct  of  Cuvier,  passing  at  +  in  the  vestigial  fold  of  the  pericardium, 
joining  the  coronary  sinus  below,  and  receiving  above  the  superior  intercostal  vein,  7  ; 
7',  7',  the  upper  and  lower  intercostal  vein,  joining  into  one. 

A  case  is  recorded  by  Gruber,  in  which  the  left  vena  azygos  opened  into  the 
coronary  sinus,  and  was  met  by  a  small  vein  descending  from  the  union  of  the  sub- 
clavian and  jugular.  (Eeichert  and  Dubois  Beymond's  Archiv.  1864,  p.  729.)  In 
this  case,  the  jugular  veins  had  been  developed  in  the  usual  manner,  while  the  left 
vena  azygos  continued  to  pour  its  blood  into  the  duct  of  Cuvier. 

(Consult  Kblliker,  Entwicklungsgeschichte,  p.  414,  et  seq.  ;  J.  Marshall,  on  the 
Development  of  the  great  Anterior  Veins  in  Man  and  Mammalia,  in  Phil.  Trans., 
part  i.,  1850;  and  Wenzel  Gruber,  Uber  die  Sinus  Communis  und  die  Valvulse  der 
Venaj  Cardiacfe,  &c,  in  Mem.  de  l'Acad.  imp6r.  des  Scien.  de  St.  Petersbourg,  1864; 
and  in  Virchow's  Archiv.,  Jan.  1865.) 


THE  ABSORBENTS.  . 

The  absorbent  vessels  are  divisible  physiologically  into  two  sets  ; — the 
lacteals,  which  convey  the  chyle  from  the  alimentary  canal  to  the  thoracic 
duct  ;  and  the  lymphatics,  which  take  up  the  lymph  from  all  the  other  parts 
of  the  body,  and  return  it  into  the  venous  system.  Anatomically  con- 
sidered, however,  the  lacteals  are  not  different  from  the  lymphatics,  and 
may  be  regarded  as  the  absorbents  of  the  mucous  membrane  of  the  intestine. 
The  larger  lacteals  and  lymphatics  are  provided  with  valves,  which  give  them, 
when  distended,  a  somewhat  moniliform  appearance ;  and  both  are  connected 
in  their  course  with  lacteal  or  lymj>hatic  glands. 
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The  general  anatomy  of  the  absorbents  having  been  elsewhere  detailed, 
only  their  coarse  and  position  remain  to 
be  here  described.  They  are  gathered 
into  a  right  and  a  left  trunk,  which  open 
into  the  angles  of  union  of  the  subclavian 
and  internal  jugular  veins.  The  large 
vessel  of  the  left  side  traversing  the  thorax 
is  named  the  thoracic  duct :  it  receives  not 
only  the  lymphatics  of  its  own  side  of 
the  head  and  arm,  but  likewise  the  lym- 
phatics of  both  lower  limbs,  and  the  whole 
of  the  lacteals.  The  vessel  of  the  right 
side  is  named  the  right  lymphatic  duct,  and 
receives  lymphatics  only. 


Fig.  332. — Sketch  op  the  THORAoro  Duct  with 
the  Principal  Systemic  Veins. 

The  full  description  of  this  figure  will  be  found 
at  page  454. 

10,  10,  indicate  the  thoracic  duct;  the  lower 
number  is  close  to  the  receptaculum  chyli,  the  upper 
is  on  the  fourth  dorsal  vertebra,  above  which  the 
duct  inclines  to  the  left ;  6,  on  the  left  subclavian 
vein,  marks  the  termination  of  the  duct  in  the 
angle  of  union  of  the  subclavian  and  internal  jugu- 
lar veins  ;  5,  on  the  right  subclavian  vein,  indicates 
the  similar  termination  of  the  right  lymphatic 
trunk. 


THORACIC  DUCT. 

The  thoracic  duct  is  the  common  trunk 
which  receives  the  absorbents  from  both 
the  lower  limbs,  from  the  abdominal  viscera 
(except  part  of  the  upper  surface  of  the 
liver),  and  from  the  walls  of  the  abdomen, 
from  the  left  side  of  the  thorax,  left  lung, 
left  side  of  the  heart,  and  left  upper  limb, 
and  from  the  left  side  of  the  head  and 
neck.    It  is  from  fifteen  to  eighteen  inches 
long  in  the  adult,  and  extends  usually  from 
the  second  lumbar  vertebra  to  the  root  of 
the  neck.    Its  commencement,  however,  is 
often  as  low  as  the  third  lumbar  vertebra  ; 
and  in  some  cases  as  high  as  the  first 
lumbar,  or  even  upon  the  last  dorsal  ver- 
tebra.   Here  there  is  usually  a  dilatation  * 
of  the  duct,  of  variable  size,  which  is 
called  receptaculum  chyli  (Pecquet),  and  is 
the  common  point  of  junction  of  the  lym- 
phatics from  the  lower  limb  with  the  trunks 
of  the  lacteal  vessels. 

The  lower  part  of  the  thoracic  duct  is 
generally  wider  than  the  rest,  being  about 
three  lines  in  diameter ;  it  lies  at  first  to  the 
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aorta  ;  it  then  ascends  on  the  right  side  of  that  vessel,  in  contact  with  the 
right  crus  of  the  diaphragm,  to  the  thorax,  where  it  is  placed  at  first  upon 
the  front  of  the  dorsal  vertebrae,  between  the  aorta  and  the  azygos  vein. 
The  duct  ascends,  gradually  inclining  to  the  left,  and  at  the  same  time  dimi- 
nishing slightly  in  size,  until  it  reaches  the  third  dorsal  vertebra,  where, 
passing  behind  the  arch  of  the  aorta,  it  comes  into  contact  with  the  oeso- 
phagus, lying  between  the  left  side  of  that  tube  and  the  pleura.  Con- 
tinuing its  course  into  the  neck  to  the  level  of  the  upper  border  of  the 
seventh  cervical  vertebra,  it  changes  its  direction  and  turns  forwards,  at  the 
same  time  arching  downwards  and  outwards  so  as  to  describe  a  curve  over 
the  apex  of  the  pleura,  and  then  terminates  on  the  outer  side  of  the  internal 
jugular  vein,  in  the  angle  formed  by  the  union  of  that  vein  with  the  sub- 
clavian. The  diminution  in  the  size  of  the  duct  as  it  ascends  is  such  that 
at  the  fifth  dorsal  vertebra  it  is  often  only  two  lines  in  diameter,  but  above 
this  point  it  again  enlarges.  The  duct  is  generally  waving  and  tortuous  in 
its  course,  and  is  constricted  at  intervals  so  as  to  give  it  a  varicose  ap- 
pearance. 

The  thoracic  duct  is  not  always  a  single  trunk  throughout  its  whole  extent ;  it 
frequently  divides  opposite  the  seventh  or  eighth  dorsal  vertebra  into  two  trunks, 
which  soon  join  again  ;  sometimes  it  separates  for  a  short  distance  into  three  divisions, 
which  afterwards  unite,  and  enclose  between  them  spaces  or  islets.  Cruikshank  in 
one  case  found  the  duct  double  in  its  entire  length ;  "in  another  triple,  or  nearly  so." 
In  the  neck,  the  thoracic  duct  often  divides  into  two  or  three  branches,  which  in  some 
instances  terminate  separately  in  the  great  veins,  but  in  other  cases  unite  first  into  a 
common  trunk.  In  a  case  of  right  aortic  arch  the  thoracic  duct  has  been  observed  to 
end  in  the  veins  of  the  right  side  (A.  Thomson). 

The  thoracic  duct  has  numerous  double  valves  at  intervals  throughout 
its  whole  course,  which  are  placed  opposite  to  the  nodulated  parts  of  the 
vessel.  They  are  more  numerous  in  the  upper  part  of  the  duct.  At  the 
termination  of  the  duct  in  the  veins  there  is  a  valve  of  two  segments,  so 
placed  as  to  allow  the  contents  of  the  duct  freely  to  pass  into  the  veins, 
but  which  would  effectually  prevent  the  reflux  of  either  chyle  or  blood  into 
the  duct. 


THE  RIGHT  LYMPHATIC  DUCT. 

The  right  lymphatic  duct  is  a  short  vessel,  about  a  line  or  a  little  more 
in  diameter,  and  about  a  quarter  or  half  an  inch  in  length,  which  receives 
the  lymph  from  the  absorbents  of  the  right  upper  limb,  the  right  side  of 
the  head  and  neck,  the  right  side  of  the  chest,  the  right  lung,  and  the  right 
half  of  the  heart,  and  from  part  of  the  upper  surface  of  the  liver.  It 
enters  obliquely  into  the  receding  angle  formed  by  the  union  of  the  right 
subclavian  and  internal  jugular  veins,  where  its  orifice  is  guarded  by  a  double 
valve. 

LYMPHATICS  OF  THE  LOWER  LIMB 

AND  SURFACE  OF  THE  LOWER  HALF  OF  THE  TRUNK. 

The  lymphatics  of  the  lower  limb  are  arranged  in  a  superficial  and  a  deep 
series.  Those  of  the  superficial  series,  together  with  the  superficial  lym- 
phatics of  the  lower  half  of  the  trunk,  converge  to  the  superficial  inguinal 
glands  ;  with  the  exception  of  a  few  which  dip  into  the  popliteal  space. 
Those  of  the  deep  series  converge  to  the  deep  inguinal  glands. 
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The  popliteal  lymphatic  glands, 
usually  very  small,  and  four  or  five  in 
number,  surround  the  popliteal  vessels, 
and  are  imbedded  in  a  quantity  of 
loose  fat.  They  receive  from  below 
the  deep  lymphatics  of  the  leg,  and 
those  which  accompany  the  short 
saphenous  vein  ;  and  from  them  pro- 
ceed efferent  vessels,  which  ascend 
with  the  femoral  artery  to  the  groin. 

Fig.  333. — View  op  the  Superficial  Lym- 
phatic Vessels  and  Glands  of  the  Eight 
Groin  and  Lower  Limb,  as  seen  from 
the  Front  and  Inner  Side  (founded  on 
Mascagni  and  others),  i 

1,  1,  upper  inguinal  glands  receiving  the 
lower  abdominal,  the  inguinal,  penal,  and 
scrotal  lymphatic  vessels;  2,  2,  femoral  or 
lower  inguinal  glands  receiving  the  anterior 
internal  and  external  femoral  lymphatic  ves- 
sels ;  2',  the  internal  lymphatic  vessels ;  3,  3, 
large  plexus  of  lymphatic  vessels  in  the  course 
of  the  saphenous  veins ;  4,  the  same  descend- 
ing upon  the  leg ;  5,  posterior  lymphatics  of 
the  calf  of  the  leg  ;  6,  lymphatic  vessels  of  the 
dorsum  of  the  foot ;  7,  those  of  the  heel  and 
inner  ankle. 

The  superficial  inguinal  glands  vary 
much  in  number,  amounting  on  an 
average  to  eight  or  ten  :  they  are 
divisible  into  a  superior  or  oblique 
and  an  inferior  or  vertical  set.  The 
oblique  glands  lie  in  the  line  of  Pou- 
part's  ligament  and  receive  lymphatics 
from  the  integuments  of  the  trunk  and 
genital  organs,  together  with  a  few 
from  the  upper  and  outer  part  of  the 
limb  :  the  vertical  glands  surround  the 
upper  part  of  the  long  saphenous  vein, 
and  extend  two  or  three  inches  down- 
wards along  the  course  of  that  vessel  ; 
tbey  receive  the  greater  number  of  the 
lymphatics  which  ascend  from  the  limb. 
The  efferent  vessels  of  the  superficial 
inguinal  glands  perforate  the  fascia, 
come  into  connection  with  those  situ- 
ated deeply,  pass  into  the  abdomen  by 
the  side  of  the  blood-vessels,  and  ter- 
minate in  a  chain  of  lymphatics  which 
he  along  the  external  iliac  artery,  and 
end  in  the  lumbar  glands. 

The  deep-seated  inguinal  glands  are 
placed  beneath  the  others,  and  surround 
the  femoral  artery  and  vein. 

K  K 


Fig.  333. 
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The  superficial  lymphatics  of  the  lower  limb  arise  in  two  sets,  one  from 
the  inner  part  of  the  dorsum  and  sole  of  the  foot,  the  other  from  the  outer. 
The  inner  vessels  follow  a  similar  course  to  that  of  the  internal  saphenous  vein  : 
passing  partly  in  front  and  partly  behind  the  inner  ankle,  they  ascend 
along  the  inner  side  of  the  knee  and  front  of  the  thigh,  and  terminate  in 
the  superficial  inguinal  glands.  The  outer  vessels,  ascending  from  the  outer 
side  of  the  foot,  pass  in  great  part  obliquely  across  the  popliteal  space  to 
join  the  inner  set  above  the  knee  ;  in  part  they  reach  the  inner  set  by 
crossing  in  front  of  the  tibia  ;  and  a  small  number  of  them  accompanying 
the  external  saphenous  vein,  dip  down  between  the  heads  of  the  gastrocne- 
mius muscle,  and  end  in  the  popliteal  glands.  From  the  middle  line  of 
the  back  of  the  thigh  lymphatics  pass  round  on  both  sides  to  reach  the 
inguinal  glands.     (Mascagni,  Vasorum  Lymph.  Historia,  1787.) 

The  deep-seated  lymphatics  of  the  lower  limb  are  associated  in  their  whole 
course  with  the  deep  blood-vessels.  In  the  leg  they  consist  of  three  divi- 
sions, namely,  anterior  tibial,  posterior  tibial,  and  peroneal.  Neither  these 
nor  the  superficial  absorbents  pass  through  any  lymphatic  gland  in  the  leg, 
unless  it  be  those  lymphatics  which  accompany  the  anterior  tibial  artery,  near 
which  a  small  gland  is  sometimes  found  on  the  front  of  the  inter-osseous  liga- 
ment, above  the  middle  of  the  leg.  The  several  sets  of  deep  lymphatics  in  the 
leg  enter  the  lymphatic  glands  situated  in  the  popliteal  space.  The  efferent 
vessels  from  those  glands  are  joined  by  others  in  contact  with  the  branches 
of  the  femoral  artery,  and  enter  the  deep  inguinal  glands.  Other  deep 
lymphatics,  derived  from  the  muscles  of  the  gluteal  region,  and  many  pro- 
ceeding from  the  adductor  muscles  of  the  thigh,  enter  the  cavity  of  the 
pelvis  in  company  with  the  gluteal,  sciatic,  and  obturator  arteries,  and  pass 
through  a  series  of  glands  situated  in  the  neighbourhood  of  the  internal  and 
common  iliac  arteries. 

The  superficial  lymphatics  of  the  loiver  half  of  the  trunk  converge  to 
the  superficial  inguinal  glands,  the  direction  of  some  of  them  being  indicated 
by  the  superficial  circumflex  iliac  and  epigastric,  and  the  external  pudic 
arteries.  Externally  they  converge  to  the  groin  from  the  gluteal  region  and 
from  the  lower  part  of  the  back,  those  from  the  back  crossing  others  which 
pass  upwards  to  the  axillary  glands.  Anteriorly  they  descend  from  the 
greater  part  of  the  surface  of  the  abdomen,  crossing  and  mingling  above 
the  umbilicus  with  vessels  which  ascend  towards  the  axillary  glands. 

The  superficial  lymphatics  of  the  penis  usually  form  three  vessels,  two 
being  placed  at  the  sides,  and  the  other  on  the  dorsum  of  the  organ. 
Commencing  in  the  prepuce  and  beneath  the  mucous  lining  of  the  urethra, 
they  pass  backwards,  unite  on  the  dorsum  penis,  and,  again  subdividing, 
send  branches  on  each  side  to  the  oblique  inguinal  glands.  The  deep-seated 
lymphatics  of  the  penis  pass  under  the  pubic  arch,  and  end  in  the  glands 
on  the  internal  iliac  artery. 

The  lymphatics  of  the  scrotum  pass  to  the  superficial  iuguinal  glands  along 
the  course  of  the  external  pudic  arteries. 

The  lymphatics  of  the  external  generative  organs  in  the  female  present  a 
disposition  similar  to  that  existing  in  the  male. 

ABSORBENTS  OP  THE  ABDOMEN  AND  PELVIS. 

The  external  iliac  lymphatic  glands,  from  six  to  ten  or  more  in  number, 
clustering  round  the  external  iliac  artery,  receive  the  efferent  vessels  from 
both  deep  and  superficial  inguinal  glands. 


ABSORBENTS  OF  THE  ABDOMINAL  VISCERA. 


491 


The  internal  iliac  lymphatic  glands,  a  numerous  series  placed  on  the 
internal  iliac  artery,  and  the  sacral  glands,  placed  in  the  hollow  of  the 
sacrum,  receive  the  lymphatics  from  the  pelvic  viscera  and  parietes. 

The  lumbar  lymphatic  glands  are  very  large  and  numerous  ;  they  are 
placed  in  front  of  the  lumbar  vertebrae,  around  the  aorta  and  vena  cava. 
To  these  proceed  the  efferent  vessels  of  the  glands  already  mentioned,  as 
well  as  those  which  accompany  several  of  the  branches  of  the  abdominal 
aorta. 

The  efferent  absorbent  vessels  which  proceed  from  the  lumbar  glands  pro- 
gressively increase  in  size,  while  their  number*  diminishes,  and  at  length 
they  unite  into  a  few  trunks,  which,  with  those  of  the  lacteals,  form  the 
origin  of  the  thoracic  duct. 

The  deep  lymphatics  of  the  abdominal  wall  in  part  pass  along  the 
circumflex  iliac  and  epigastric  arteries  to  the  external  iliac  glands  ;  the 
greater  number  are  directed  backwards  with  the  ilio-lumbar  and  lumbar 
arteries,  and,  being  joined  by  the  lymphatics  from  the  muscles  of  the  back, 
pass  behind  the  psoas  muscle  to  the  vertebral  column,  where  they  enter  the 
lumbar  glands. 

The  lacteals  (vasa  lactea,  chylifera)  commence  in  the  coats  of  the  intes- 
tines, by  a  veiy  close  plexus,  and  extend  to  the  thoracic  duct,  in  which 
they  all  terminate  :  they  are  derived  in  far  larger  numbers  from  the  small 
than  from  the  large  intestine,  so  that  they  abound  in  the  mesentery,  and 
particularly  in  that  of  the  jejunum  and  ileum.  Two  series  of  absorbent 
vessels  are  found  along  the  tube  of  the  intestine,  having  different  positions 
and  directions  :  those  nearest  to  the  outer  surface  of  the  intestine  ran 
longitudinally  in  the  course  of  the  canal,  lying  beneath  the  peritoneal  coat ; 
whilst  others,  placed  more  deeply  between  the  muscular  and  mucous  coats, 
run  transversely  round  the  intestine,  and  are  directed  thence  with  the 
arteries  and  veins  along  the  mesentery,  enclosed  between  the  two  layers  of 
the  peritoneum.  (Cruikshank,  Anatomy  of  the  Absorbent  Vessels,  p.  162.) 
Sometimes  the  more  superficial  absorbents  of  the  intestine  are  named 
lymphatics,  to  distinguish  them  from  the  deep  set  which  are  those  which 
absorb  the  chyle  from  the  cavity  of  the  inte&tine.  According  to  Teichmann 
(Das  Saugader-system,  1861,  p.  75),  the  two  plexuses  have  no  capillary 
anastomoses,  but  communicate  only  through  valved  vessels  :  this  they  do 
freely.  The  lacteals,  having  entered  the  mesentery,  take  the  course  of  the 
blood-vessels,  and  pass  through  numerous  lymphatic  glands  (mesenteric 
glands). 

The  mesenteric  glands  vary  in  number  from  a  hundred  and  thirty  to  a 
hundred  and  fifty  ;  and  in  the  healthy  state  are  seldom  larger  than  an 
almond.  They  are  most  numerous  iu  that  part  of  the  mesentery  which 
corresponds  with  the  jejunum;  and  they  seldom  occur  nearer  to  the 
attached  border  of  the  intestine  than  two  inches.  In  mesenteric  disease 
they  are  subject  to  enlargement,  and  become  the  seat  of  unhealthy  deposits. 
Small  glands  in  limited  numbers  are  also  disseminated  irregularly  between 
the  folds  of  the  peritoneum  connected  with  the  large  intestines 

Having  passed  through  these  glands,  the  lacteals  gradually  unite  as  they 
approach  the  attached  border  of  the  mesentery,  and  so  become  diminished 
m  number  but  mcreased  in  size,  until  at  length,  near  the  root  of  the  supe- 
rior mesenteric  artery,  only  two  or  three  trunks  remain,  which  end  in  the 
thoracic  duct  Sometimes,  however,  six  or  seven  of  these  vessels  open 
separately  into  the  commencement  of  the  duct.  Those  from  the  descending 
colon  and  its  sigmoid  flexure  usually  join  some  of  the  lumbar  lymphatics,  or 
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Fig.  334. — Principal  Lymphatic  Vessels  and  Glands  of  the  Abdomen  and  Pelvis 

(modified  from  Mascagui;.  £ 

a,  the  abdominal  aorta,  the  upper  part  of  it  having  been  removed  to  show  the  deepest 
lumbar  plexuses  of  lymphatics  ;  a',  the  vena  cava  inferior  ;  6,  the  right,  c,  the  left  cms  of 
the  diaphragm  ;  d,  the  right  kidney ;  e,  the  suprarenal  body ;  /,  the  ureter  ;  g,  the  psoas 
muscle  ;  h,  the  iliacus  ;  k,  the  lower  part  of  the  sacrum  within  the  pelvis  ;  1,  the  com- 
mencement of  the  thoracic  duct ;  2,  3,  2,  the  largest  of  the  lymphatic  and  lacteal  trunks 
which  join  the  thoracic  duct,  the  hepatic,  splenic,  gastric,  &c.  ;  4,  the  suprarenal  lym- 
phatics ;  5,  the  renal,  joining  some  of  the  lumbar  plexus  ;  6,  the  spermatic ;  7,  7,  the 
lumbar  lymphatic  vessels  and  glands  ;  7',  7',  some  of  the  lymphatics  of  the  loins  ;  8,  8, 
those  surrounding  the  common  iliac  vessels,  and  proceeding  from  the  lymphatics  of  the 
pelvis  and  lower  limb  ;  9,  9,  the  external  iliac  ;  10,  10,  the  internal  iliac  receiving  those 
from  the  sacrum,  walls  of  the  pelvis,  and  at  11,  11,  ami  at  those  from  the  viscera 
(bladder  and  rectum)  ;  12,  lymphatics  of  the  dorsum  of  the  penis  passing  to  those  of 
the  groin  ;  13,  the  deep  femoral  lymphatics  and  glands. 
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turn  upwards  and  open  by  a  separate  trunk  into  the  lower  end  of  the 
thoracic  duct. 

The  absorbents  of  the  stomach,  like  those  of  the  intestines,  are  placed,  some 
beneath  the  peritoneal  coat,  and  others  between  the  muscular  and  mucous 
coats.  Following  the  direction  of  the  blood-vessels,  they  become  arranged 
into  three  sets.  Those  of  one  set  accompany  the  coronary  vessels,  and 
receiving,  as  they  run  from  left  to  right,  branches  from  both  surfaces  of  the 
organ,  turn  backwards  near  the  pylorus,  to  join  some  of  the  larger  trunks. 
Another  series,  from  the  left  end  of  the  stomach,  follow  the  vasa  brevia, 
and  unite  with  the  lymphatics  of  the  spleen  :  whilst  those  of  the  third  set, 
guided  by  the  right  gastro-epiploic  vessels,  incline  from  left  to  right  along 
the  great  curvature  of  the  stomach,  from  which  they  pass  backwards,  and 
at  the  root  of  the  mesentery  terminate  in  one  of  the  principal  efferent  lacteal 
vessels. 

The  absorbents  of  the  rectum,  likewise  in  two  strata,  are  frequently  of 
considerable  size  :  immediately  after  leaving  the  intestine,  some  of  them 
pass  through  small  glands  which  lie  contiguous  to  it  ;  finally,  they  enter 
the  lymphatic  glands  situated  in  the  hollow  of  the  sacrum,  or  those  higher 
up  in  the  loins.  At  the  anus  their  capillary  network  is  continuous  with 
that  of  the  cutaneous  absorbents. 

The  lymphatics  of  the  spleen  are  placed,  some  immediately  under  its 
peritoneal  covering,   others  in  the  substance  of  the  organ.     Both  sets 
converge  to  the  inner  side  of  the  spleen,  come  in  contact  with  the  blood- 
vessels, and,  accompanying  these,  pass  through  a  series  of  small  glands 
and  terminate  in  the  larger  lymphatics  of  the  digestive  organs 

Lymphatics  emerge  from  the  pancreas  at  different  points,  and  join  those 
derived  from  the  spleen. 

The  lymphatics  of  the  liver  are  divisible  into  three  principal  sets,  according 
as  they  are  placed  upon  its  upper  or  its  under  surface,  or  are  spread  through 
its  substance  with  the  blood-vessels. 

The  lymphatic  vessels  on  the  upper  surf  ace  of  the  liver  incline  towards 
particular  points,  and  so  become  distinguishable  into  groups,  of  which  four 
are  usually  enumerated     1.  From  the  middle  of  this  surface  five  or  six 

on  tnt68  rUY°WalS  the  Mciform  "S^ent,  and  being  directed  forwards 
on  this  membrane  they  unite  to  form  a  large  trunk,  which  passes  upward! 
between  two  slips  of  the  attachment  of  the  diaphragm,  behind  the  ensTform 
cartilage  Having  reached  the  interpleural  space  behind  the  sternum  thev 
ascend  through  a  chain  of  lymphatic  glands  found  upon  the  L™'mam 
mary  blood-vessels     2.  The  second  group  consists  of  vessels  whTh  inc^e 

on  reaching  the  back  paS  o >Z ? ■  g  "f0  the  thorax>  ^  turn  inwards 
diaphragmf  open  into  ^  thora^c  duetto'  ^  ^  ™  °f  the 

Another  set  of  lymphatics  i         *  ,         ltS  commencement.  3. 

vessels  of  which  itTcomposed  aZ  /T  ^  *f  ^  °f  th°  W  '  the 
the  diaphragm,  and,  tSti^T^^  ^  ^*  I*™- 
mediastinum.    4.  Finally,  alongtL  fore  Ztt  of  tn/l  *      ^  ^  °f 
observed  to  turn  downwards  aud  ioi «LP     ,     ?        *  S°me  V6SSels  wiU  be 

The  under  surface  of  the  liver  sTovero  ?  I      *  Up°n  ^  UUder  SUrfa0e- 
vessels.    On  the  right  lobe  the, Z  v     f  ?  °Pen  UetWOrk  of  ^P^tic 

bladder  to  the  transverse  fissure   l^.T  and  UQder  the 

nssure,  where  some  join  the  deep  lymphatics  ; 
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Fig.  335. — Diagrammatic 
Outline  op  the  Prin- 
cipal Absorbent  Vessels 
and  Dcots.  5 

a,  junction  of  the  right 
jugular  and  subclavian  veins 
in  the  right  innominate  ;  6, 
the  same  on  the  left  side  ; 
1,  the  thoracic  duct,  show- 
ing a  division  in  its  upper 
part ;  farther  down  a  se- 
paration into  two  vessels 
enclosing  a  space  between 
them,  and  at  its  lower  ex- 
tremity, 1',  the  receptaculum 
chyli  ;  2,  the  principal  cer- 
vical lymphatic  vessels  with 
the  larger  glands  near  their 
terminations ;  3,  3',  the 
principal  axillary  lymphatic 
vessels  and  glands,  joined  by 
those  from  the  shoulder  and 
lower  part  of  the  neck;  4, 4', 
the  right  and  left  internal 
mammary  and  anterior  medi- 
astinal lymphatic  vessels  (re- 
presented as  more  widely  se- 
parated than  natural) ;  on  the 
right  side,  4'  and  4",  mark 
the  j  unction  with  the  internal 
mammary  of  the  superior 
hepatic  and  anterior  superior 
phrenic  lymphatics  ;  5,  some 
deeper  mediastinal  and  peri- 
cardiac lymphatics ;  6,  C, 
deep  mediastinal  lymphatics 
passing  into  the  right  lym- 
phatic trunk  and  thoracic 
duct ;  7,  the  bronchial  and 
pulmonary  ;  8,  oesophageal  ; 
9,  posterior  diaphragmatic 
lymphatics;  10,  the  inter- 
costal and  neighbouring  lym- 
phatics of  the  posterior  tho- 
racic wall  represented  chiefly 
on  the  left  side  ;  at  10',  is 
shown  a  small  collateral 
trunk  formed  by  the  union 
of  a  number  of  the  inter- 
costal lymphatics;  11,  11, 
short  trunks  leading  into  the 
lower  part  of  the  thoracic 
duct,  which  receive  some  of 
the  principal  lymphatic  ves- 
sels from  the  spleen,  stomach, 
and  pancreas,  and  the  lacteal 
vessels  from  the  intestines  ; 
12,  12',  several  main  vessels, 
which  collect  the  principal 

lvmnhatic  vessels  of  the  right  and  left  lumbar  plexus,  and  carry  their  contents  into  the 
K'  c  ducf  Is,  13',  right  and  left  renal  lymphatics  ;  14,  14',  right  .and  eft  sperma  >c 
lvmnhitics  •  15  aortic  plexus,  which  farther  down  is  continuous  with  the  social,  10,  10  , 
rig't  and  left  lumbar  plexn^  which  receive  the  principal  lymphatics  of  the  pelvis  and 
lower  limbs. 
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whilst  others,  passing  through  some  scattered  lymphatic  glands,  are  guided 
by  the  hepatic  artery  to  the  right  side  of  the  aorta,  where  they  terminate  in 
the  thoracic  duct.  Branches  also  proceed  to  the  concave  border  of  the 
stomach,  between  the  folds  of  the  small  omentum,  to  join  with  the  coronary 
lymphatics  of  that  organ. 

The  deep  lymphatics  of  the  liver  accompany  the  branches  of  the  portal 
vein  in  the  substance  of  the  organ,  and  pass  out  of  the  gland  by  the 
transverse  fissure.  After  communicating  with  the  superficial  lymphatics, 
and  also  with  those  of  the  stomach,  they  pass  backwards,  and  join,  at  the 
side  of  the  coeliac  artery,  with  one  of  the  large  lacteal  trunks  previously  to 
its  termination  in  the  thoracic  duct. 

The  lymphatics  of  the  kidney  likewise  consist  of  a  deep  and  a  superficial 
set.  Those  placed  upon  the  surface  of  the  organ  are  comparatively  small  ; 
they  unite  at  the  hilus  of  the  kidney  with  other  lymphatics  from  the 
substance  of  the  gland,  and  then  pass  inwards  to  the  lumbar  lymphatic 
glands.  The  lymphatics  of  the  suprarenal  capsules  unite  with  those  of  the 
kidney.  The  lymphatic  vessels  of  the  ureter  are  numerous  ;  they  com- 
municate with  those  of  the  kidney  and  bladder,  and  for  the  most  part 
terminate  by  union  with  the  former. 

The  lymphatics  of  the,  bladder,  taking  rise  from  the  entire  surface  of  that 
organ,  enter  the  glands  placed  near  the  internal  iliac  artery  ;  with  these 
are  associated  the  lymphatics  of  the  prostate  gland  and  vesiculse  seminales. 

The  lymphatics  of  the  uterus,  in  the  unimpregnated  state  of  the  organ, 
are  small,  but  during  the  period  of  gestation  they  are  greatly  enlarged. 
Issuing  from  the  entire  substance  of  the  uterus,  the  greater  number  descend, 
together  with  those  of  the  vagina,  and  pass  backwards  to  enter  the  glands 
upon  the  internal  iliac  artery  ;  thus  following  the  course  of  the  principal 
uterine  blood-vessels.  Others,  proceeding  from  the  upper  end  of  the  uterus, 
run  outwards  in  the  folds  of  peritoneum  which  constitute  the  broad  liga- 
ments, and  join  tho  lymphatics  derived  from  the  ovaries  and  Fallopian 
tubes.  ^  The  conjoined  vessels  then  ascend  with  the  ovarian  arteries,  near 
the  origin  of  which  they  terminate  in  the  lymphatic  vessels  and  glands 
placed  on  the  aorta  and  vena  cava. 

The  lymphatics  of  the  testicle  commence  in  the  substance  of  the  gland, 
and  upon  the  surface  of  the  tunica  vaginalis.  Collected  into  several  large 
trunks,  they  ascend  with  the  other  constituents  of  the  spermatic  cord,  pats 
through  the  inguinal  canal,  and  accompany  the  spermatic  vessels  in  the 
abdomen  to  enter  some  of  the  lumbar  lymphatic  glands. 


LYMPHATICS  OF  THE  THORAX. 

The  lymphatic  glands  of  the  thorax.—  Along  the  course  of  the  internal 
mammary  blood-vessels  there  are  placed  six  or  seven  small  glands,  through 
which  pass  the  lymphatics  situated  behind  the  sternum  ;  they  may  be  named 
the  anterior  mechasUnal  glands.  Between  the  intercostal  muscles  and  in 
the  line  of  the  heads  of  the  ribs  on  the  side  of  the  spine  is  a  set  of  glands, 
named  intercostal  which ^receive  the  lymphatics  from  the  thoracic  parietcs 
and  the  pleura;  their  efferent  ducts  communicate  freely  with  each  other 
and  open  into  tne  thoracic  duct.  Three  or  four  cardial  lymphatic  glands 
lie  behind  the  aortic  arch,  and  one  before  it  :  and  another  cluster,  varying 
from  fifteen  to  twenty  m  number,  is  found  along  the  oesophagus  con 
Btituting  the  oesophageal  glands.  The  bronchial  gtands,  ten  or  twelve  n 
number,  are  of  much  larger  size  than  those  just  mentioned.     The  largest  of 
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Fig.  336. 


them  occupy  the  interval  between  the  right  and  left  bronchi  at  their  diver- 
gence, whilst  others  of  smaller  size  rest  upon  the  first  divisions  of  these  tubes 

Fig.  336. — Lymphatic  Ves- 
sels of  the  Head  and 
Neck  and  of  the  Upper 
Part  of  the  Trunk 
(from  Mascagni).  £ 

The  chest  and  pericar- 
dium have  been  opened  on 
the  left  side,  and  the  left 
mamma  detached  and 
thrown  outwards  over  the 
left  arm,  so  as  to  expose  a 
great  part  of  its  deep 
surface. 

The  principal  lymphatic 
vessels  and  glands  are  shown 
on  the  side  of  the  head  and 
face,  and  in  the  neck,  axilla, 
and  mediastinum.  Between 
the  left  internal  jugular  vein 
and  the  common  carotid 
artery,  the  upper  ascending 
part  of  the  thoracic  duct 
marked  1,  and  above  this, 
and  descending  to  2,  the 
arch  and  last  part  of  the 
duct.  The  termination  of 
the  upper  lymphatics  of 
the  diaphragm  in  the  me- 
diastinal glands,  as  well  as 
the  cardiac  and  the  deep 
mammary  lymphatics,  are 
also  shown. 

for  a  short  distance 
within  the  lungs.  In 
early  infancy  their  co- 
lour is  pale  red  ;  towards  puberty,  we  find  them  verging  to  grey,  and  studded 
with  dark  spots  ;  at  a  more  advanced  age  they  are  frequently  very  dark  or 
almost  black.  In  chronic  diseases  of  the  lungs  they  sometimes  become  en- 
larged and  indurated,  so  as  to  press  on  the  air-tubes  and  cause  much  irrita- 
tion.   They  are  frequently  the  seat  of  tuberculous  deposits. 

The  deep  lymphatics  of  the  thoracic  vialls  are  divisible  into  two  sets,  the 
sternal  and  the  intercostal.  The  sternal  lymphatics,  commencing  in  the 
muscles  of  the  abdomen,  ascend  between  the  fibres  of  the  diaphragm  at  its 
attachment  to  the  ensiform  cartilage,  and  continue  upwards  behind  the 
costal  cartilages  to  terminate  on  the  left  side  in  the  thoracic  duct,  and  on 
the  opposite  side  in  the  right  lymphatic  duct.  They  receive  branches  from 
the  upper  surface  of  the  liver,  and  small  branches  from  the  anterior  parts  of 
the  intercostal  spaces.  The  intercostal  lymphatics,  passing  backwards  in 
each  intercostal  space,  receive,  as  they  approach  the  spine,  branches 
coming  forward  through  the  intertransverse  space,  and  enter  the  intercostal 
glands,  through  the  efferent  duct3  of  which  their  contents  are  poured  on 
both  sides  of  the  body  into  the  thoracic  duct. 

The  lymphatics  of  the  lungs,  like  those  of  other  organs,  form  two  sets, 
one  being  superficial,  the  other  deep-seated.  Those  at  the  surface  run 
beneath  the  pleura,  where  they  form  a  network  by  their  anastomoses. 
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Their  number  is  considerable,  but  they  are  sometimes  difficult  of  demon- 
stration. The  deep  lymphatics  run  with  the  pulmonary  blood-vessels. 
Both  superficial  and  deep  lymphatics  converge  to  the  root  of  the  lung,  and 
terminate  in  the  bronchial  glands.  From  these,  two  or  three  trunks°issue, 
which  ascend  along  the  trachea  to  the  root  of  the  neck,  and  terminate  on 
the  left  side  in  the  thoracic  duct,  and  on  the  right  in  one  of  the  right 
lymphatic  truuks. 

The  lymphatics  of  the  heart  follow  the  coronary  arteries  and  veins  from 
the  apex  of  the  organ  towards  the  base,  where  they  communicate  with  each 
other,  and  those  of  each  side  are  gathered  into  one  trunk.  The  trunk  from 
the >  right  side,  running  upwards  over  the  aortic  arch  between  the  innominate 
and  left  carotid  arteries  to  reach  the  trachea,  ascends  to  the  root  of  the 
neck,  and  terminates  in  the  right  lymphatic  duct.  The  vessel  from  the  left 
side,  proceeding  along  the  pulmonary  artery  to  its  bifurcation,  passes  through 
some  lymphatic  glands  behind  the  arch  of  the  aorta,  and  ascends  by  the 
tracliea  to  terminate  in  the  thoracic  duct. 

The  lymphatics  of  the  oesophagus,  unlike  those  of  the  rest  of  the  abmentary 
canal  form  only  one  layer,  which  lies  internal  to  the  muscular  coat.  They 
are  connected  with  glands  in  the  neighbourhood,  and  after  having  com- 
municated by  anastomoses  with  the  lymphatics  of  the  lungs,  at  and  near 
the  roots  of  those  organs,  they  terminate  in  the  thoracic  duct 

The  .lymphatics  of  the  thymus  gland  are  numerous.    According  to  Astley 

«Tln  T  ^  1  Pr0Ce6d  dK°WnWardS  fr0m  them  «  eachUu,  S 

sr;  s&^asz&r or  more  orifices  on  each  kie- 
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AND  OF  THE  BREAST  AND  BACK 

pectoral  muscles,  converge  t/the  axillty  glands  °  ^  and 

h^l^tttf  "       UPPer  ^^the  axilla  are  neither 

^^"iL'^ZZ'Z^z  T course  of  the  Whial 

are  found  in  connection  mth  ^t^^^t^  ^ 
commencement  of  the  basibc  vein  a  iSL  Thl  lymp]hatlc/'  near  the 

condyle  of  the  humerus  '  *  ^  ™d  m  front  of  the  inner 

djviduals.theyaremL;;^ 

artery,  and  beneath  i^w^^J^™*'****  exter^l  mammary 
mamma  and  muscular  walls  of  the  chest wM,  .lymPhafcics  fro^  the 

the  posterior  boundary  of  the  axilla  ll'  ^  mcUue  do™ards  at 

the  back.  Ue  aXUla'  and  are  Jowed  by  the  lymphatics  from 

From  the  glands  of  the  axilla  effer^f  i«»  t 
but  larger  in  sue  than  the  afferen We ss  K  °  7^'  {e™  fa  *Umb-> 
subclavian  artery,  in  some  parts  twS%^T?  al°Ug  the  COUrse  of  ^ 
thorax  they  ascend  into  the  neck  ekT^l  Fr°m  the  *°P  °*  the 

-those  of  the  left  side  in  th Zl  J'\* U\ Vein>  »ud  terminate, 

thoracic  duct,  those  of  the  right  side 
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in  the  right  lymphatic  duct. 
Sometimes  they  unite  .  into  a 
single  trunk,  which  opens  sepa- 
rately into  the  subclavian  vein 
near  its  termination. 

The  superficial  lymphatics  of 
the  upper  limb  are  usually  de- 
scribed as  forming  two  divisions 
corresponding  with  the  super- 
ficial veins  on  the  outer  and 
inner  borders.  On  the  front  of 
the  limb  they  arise  from  an  arch 
formed  in  the  palm  of  the  hand 
by  the  union  of  two  lymphatic 
vessels  proceeding  from  each 
finger :  becoming  more  numerous 
in  the  forearm,  they  are  found 
thickly  set  over  its  surface, 
whence  they  pass  upwards  in 
the  arm  ;   the  inner  vessels  in 

Fig.  337. — Superficial  Lymphatics  op  the  Breast, 
Shoulder,  and  Upper  Limb,  prom  before  (after 
Mascagni).  £ 

The  lymphatics  are  represented  as  lying  upon  the  deep 
fascia. 

a,  placed  on  the  clavicle,  points  to  the  external  jugular 
vein;  6,  the  cephalic  vein;  c,  the  basilic  vein;  d,  radial; 
e,  median  ;  /,  uluar  vein  ;  g,  great  pectoral  muscle  cut 
and  turned  outwards  ;  1,  superficial  lymphatic  vessels 
and  glands  above  the  clavicle  ;  2,  those  below  the  clavicle 
partly  joining  the  foregoingand  dipping  into  the  triangular 
space  between  the  deltoid  and  pectoral  muscles  ;  3, 
lymphatic  vessels  and  glands  placed  along  the  border  of 
the  axilla  and  great  pectoral  muscle  ;  4,  upper  brachial 
and  axillary  glands  and  vessels ;  5,  two  small  glands 
placed  near  the  bend  of  the  arm  ;  6,  radial  lymphatic 
vessels  ;  7,  ulnar  lymphatic  vessels  ;  8,  8,  palmar  arch 
of  lymphatics  ;  9,  9',  outer  and  inner  sets  of  vessels. 

a  straight  direction,  and  those  placed  further 
outwards  inclining  gradually  inwards  over  the 
biceps  muscle  to  reach  the  axillary  glands.  On 
the  back  of  the  hand  also  two  lymphatics  pro- 
ceed from  each  finger  ;  and  from  the  copious 
network  on  the  back  of  the  forearm  vessels  pass 
over  the  radial  margin,  and  in  greater  number 
round  the  ulnar  side  to  join  those  in  front.  The 
lymphatic  vessels  in  the  front  of  the  upper  arm 
are  also  joined  by  others  which  pass  round  each 
side  of  the  limb,  and  by  some  which  descend 
from  the  shoulder. 

The  deep  lymphatics  of  the  upper  limb  corre- 
spond with  the  deep  blood-vessels.  In  the  fore- 
arm they  consist,  therefore,  of  three  sets,  as- 
sociated respectively  with  the  radial,  ulnar, 
and    interosseous    arteries    and    veins.  In 
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their  progross  upwards  somo  of  them  have  communication  noar  the  wrist 
witli  the  superficial  lymphatics  ;  and  some  of  them  enter  the  glands  which 
lie  by  the  side  of  the  brachial  artery  near  the  bend  of  the  elbow.  They 
all  terminate  in  the  glands  of  the  axilla. 

The  lymplmtics  of  the  chest  consist  of  branches  running  uuder  cover  of 
the  pectoral  muscles,  and  of  subcutaneous  vessels,  twigs  of  which  are  con- 
tinued from  those  on  the  abdominal  wall  as  low  as  the  umbilicus,  decus- 
sating with  the  vessels  which  converge  to  the  inguinal  glands. 

The  superficial  lymphatics  of  the  back  converge  to  the  axillary  glands  from 
its  various  regions ;  from  the  neck  over  the  surface  of  the  trapezius 
muscle,  from  the  posterior  part  of  the  deltoid,  and  from  the  whole  dorsal 
and  lumbar  regions  as  low  as  the  crest  of  the  ilium  ;  the  branches  decus- 
sating inferiorly  with  vessels  leading  to  the  inguinal  glands,  and  likewise 
crossing  the  middle  line  so  as  to  decussate  with  branches  of  the  opposite 
side.    (Mascagni,  Tab.  xxii.,  xxiii.,  xxiv.) 
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The  lymphatic  glands  found  on  different  parts  of  the  head  and  face  are 
few  and  small :  those  in  the  neck,  on  the  contrary,  are  comparatively  very 
large  and  numerous. 

The  cervical  glands  are  placed  chiefly  on  the  sides  of  the  neck,  and 
are  divisible  into  a  superficial  and  a  deep  series.  Of  the  former,  some  lie 
beneath  the  base  of  the  inferior  maxillary  bone  ;  the  remainder,'  arranged 
along  the  course  of  the  external  jugular  vein,  exist  in  greatest  number  in 
the  angular  space  behind  the  lower  end  of  the  sterno-mastoid  muscle,  where 
that  vein  enters  the  subclavian  vein:  at  this  point  the  cervical 'glands 
approach  and  are  connected  with  the  glands  of  the  axilla  The  deep 
cervical  glands  are  placed  along  the  carotid  artery  and  internal  jugular 
vein,  extending  downwards  on  the  sheath  of  those  vessels  as  far  as  the 
thorax. 

The  lymphatic  veasels  of  the  cranium  and  face,  together  with  those  of 
the  tongue,  pharynx,  larynx  and  other  parts  of  the  neck,  pass  into  the 
cervical  glands.  From  these  efferent  vessels  issue,  which  progressively 
dimmish  in  number  during  their  descent,  and  unite  into  two  trunks  of 
which  the  eft  one  ends  in  the  thoracic  duct,  and  the  other  in  the  right 
lymphatic  duct :  sometimes,  however,  the  main  cervical  lymphatic  vessel 
terminates  separately  at  the  junction  of  the  subclavian  and  internal  iugular 
vems,  or  in  one  of  those  veins  immediately  before  their  union 

Th^STf^'  °f  ?"  TT%m  C°nsist  °f  a  temP°ral  aDd  ■»  ^cipital  set. 
Those  of  the  temporal  set  descend  in  front  of  the  ear,  some  of  the  vessels 
passing  through  one  or  two  glands  usually  found  near  the  zygoma  wid t 
others  enter  those  situated  on  the  parotid  gland  ;  all  of  them  teS  7n  e 

in  the  dura  mater,  nor  ^rel^^T^K  N°ne  W  beeu  traced 
The  trunks  of  those  LrtZ  tZ  Z^T  ^  SUbStaUC0  °f  »*  ^ 
the  veins.  Pla  mater  Pas3  out  of  the  skull  with 

The  superficial  lymphatics  of  the  face,  more  numerous  than  those  of  the 
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cranium,  descend  obliquely  in  the  course  of  the  facial  vein,  and  join  the 
submaxillary  glands,  from  six  to  ten  in  number,  which  are  placed  beneath  the 
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Fig.  338. — Fmncipal  Lymphatic  Vessels  and  Glands  of  the  Head  and  Nkok 
on  the  Right  Side  (after  Bourgery  in  part).  £ 

The  inner  half  of  the  right  clavicle  and  part  ot  the  sternum  have  been  removed  so  as 
to  expose  the  arch  of  the  aorta,  and  the  innominate  artery  and  veins  :  the  posterior  belly 
of  the  omo-hyoid  muscle  is  removed  ;  and  the  sterno-mastoid,  sterno-hyoid,  and  sterno- 
thyroid muscles,  and  a  part  of  the  external  jugular  vein  have  been  divided  so  as  to  expose 
the  deeper  parts.  ....  ... 

o,  the  right  inuominate  vein  at  the  place  where  it  is  joined  by  the  principal  lymphatic 
trunk  ;  a',  the  left  vein  ;  b,  arch  of  the  aorta ;  c,  common  carotid  artery  ;  d,  thyroid 
gland  crossed  by  the  anterior  jugular  vein  ;  e,  cut  surface  of  the  sternum  ;  /,  outer  part 
of  the  clavicle  ;  1,  submaxillary  lymphatic  vessels  ;  1',  sublingual  ;  2,  temporal,  facial  and 
parotid  ;  3,  occipital  and  posterior  auricular  ;  4,  deep  or  descending  cervical  close  to  the 
great  vessels  ;  5,  transverse  cervical ;  6,  deep  pectoral  and  axillary  ;  7,  on  the  vena  cava 
superior,  some  of  the  right  mediastinal  ;  8,  on  the  innominate  artery,  some  of  the  deeper 
cardiac  and  bronchial ;  to  these  last  are  seen  descending  some  of  the  lymphatics  from  the 
thyroid  gland  and  lower  part  of  the  neck. 

base  of  the  lower  maxillary  bone  ;  a  few  of  them  in  their  descent  pass 
through  some  glands  situated  on  the  buccinator  muscle.  The  deep  lym- 
phatics of  the  face,  derived  from  those  of  the  temporal  fossa  and  the 
cavities  of  the  nose,  mouth,  and  orbit,  proceed  outwards  in  the  course 
of  the  internal  maxillary  vein  ;  and,  having  reached  the  angle  of  the  jaw, 
they  enter  the  glands  in  that  neighbourhood. 
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Section  V— NEUEOLOGY. 


Under  the  name  of  Neurology,  it  is  intended  to  include  the  descriptive 
anatomy  of  the  various  organs  forming  parts  of  the  nervous  system. 

The  nervous  system  consists  of  two  sets  of  parts,  one  of  which  is  central, 
the  other  peripheral.  To  the  first  set  belong  the  brain  and  spinal  cord 
forming  together  the  cerebrospinal  axis,  and  the  ganglia  :  to  the  second 
set  belong  all  the  nerves  distributed  throughout  the  body  :  and  alon«  with 
these  maybe  included  the  organs  of  the  senses,  or  those  organs  which 
contain  the  terminations  of  the  several  nerves  of  special  sensation,  in  con- 
nection with  certain  apparatus  or  modifications  of  structure  related  to  the 
reception  of  impressions  by  each  of  these  nerves. 

Among  the  peripheral  nerves  it  is  necessary  also  to  distinguish  the  cere- 

conneT  "5  th\S^^  0r  ganglionic,  which,  though  intimately 
connected  with  each  o  her  at  some  places,  are  yet  so  different  in  thek 
structure  and  mode  of  distribution  as  to  require  separate  description. 

Ihe  description  of  these  several  parts  of  the  nervous  system  will  be 
brought  under  the  following  four  sub-sections,  vi,  1.  The^erl-^pina 
3   The   ,™  C+e,re^°-sPinal  serves  and  the  ganglia  connected  with  them  ; 
senst    SympatlietlC  ner™  and  ^ir  ganglia  ;  4,  The  organs  of  the 

I.— THE  CEREBRO-SPINAL  AXIS. 

The  cerebro-spinal  axis  is  contained  partly  within  the  cavity  of  the  era 

and  :t^Z:rf\the  Vert6bral  "  13  ^metrical  in  its  f^ m 

tea  cert!  1 1  ?!  ^  «™urtuW  of  a  right  and  a  left  half,  separated 
union  .  by  lonSltudinal  figures,  and  presenting  in  their  plane  of 

from  o^£°S?  *  ^  "f  ™h^™> 

^om  one  side  to  another,  and  form  the  commissures  of  the  brain  and  spinal 

is  *«  cerebro-spinal  axis 

by  three  membr!es  XS  1  1  tt  is  als°  ^rrounded 

are  subservient  To   ts nutittn      The!  ^  l'  ***  m^  ™d 

hereafter,  are,  lat  Tdense  fiZn«        I  e^pes,  which  will  be  described 

is  placed  mo^t  ^fi3y  ?  2ndT  1,11,0  ^  ^  *"*  ^  Which 
uoid;  aud,  3rd,  dSSrtof  ji  a  V  l,"*™*  ™emh™™  oaUed  the  arach- 
mater.  '      P  '  °f       a  vascu1^  membrane  named  the  pia 

*°  *»  ^Ualon  or 

tained  within  the  vertebral  carlal  CramUm'         the  Spinal  cord  co»- 

These  two  parts  havo  a 

which  subsists  between  the  c  anrm^l      ?!  ^  Wjr  to  that 

continuous  structures  ;  at  the  tim of  SdrTr 1  f  "t™*  ''  ^  ^  are 
are  nearly  similar;  the  earliest  developed  d.V  in  the  f<*^  thV 

ment  of  the  encephalon  ;  and  moreover  C°DS1Sts  in  the  enlarSe" 

cohimn,  continues  to  present  a  sWnr  8P\  C°rd>  Uke  th9  v^tebral 
extent,  while  the  encephalon  becomes T^LT ^  th^out  its 

gradually  more  and  more  complicated, 
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Fig.  339. 


till  at  last  it  is  difficult  to  trace  the 
serial  relation  of  its  constituent 
parts,  or  any  correspondence  with 
the  structure  of  the  cord. 

Fig.  339. — View  of  the  Cerebro- 
spinal Axis  of  the  Nervous  System 
(after  Bourgery).  £ 

The  right  half  of  the  cranium  and 
trunk  of  the  body  has  been  removed  by 
a  vertical  section  ;  the  membranes  of  the 
brain  and  spinal  marrow  have  also  been 
removed,  and  the  roots  and  first  part  of 
the  fifth  and  ninth  cranial,  and  of  all 
the  spinal  nerves  of  the  right  side,  have 
been  dissected  out  and  laid  separately  on 
the  wall  of  the  skull  and  on  the  several 
vertebrae  opposite  to  the  place  of  their 
natural  exit  from  the  cranio-spinal 
cavity. 

F,  T,  0,  lateral  surface  of  the 
cerebrum ;  C,  cerebellum ;  P,  pons 
Varolii  ;  m  o,  medulla  oblongata  ;  m  s, 
upper  and  lower  extremities  of  the  spinal 
marrow  ;  c  e,  on  the  last  lumbar  ver- 
tebra, marks  the  cauda  equina  ;  v,  the 
three  principal  branches  of  the  nervus 
trigeminus  or  fifth  pair;  Ci,  the  sub- 
occipital or  first  cervical  nerve  ;  above 
this  is  the  ninth  pair;  Cvin,  the  eighth 
or  lowest  cervical  nerve  ;  Di,  the  first 
dorsal  nerve ;  Dxn,  the  last  or  twelfth  ; 
Li,  the  first  lumbar  nerve  ;  Lv,  the  last 
or  fifth  ;  S  i,  the  first  sacral  nerve  ;  S  v, 
the  fifth;  Coi,  the  coccygeal  nerve  ;  s, 
the  left  sacral  plexus. 

A.— THE  SPINAL  CORD. 

The  spinal  cord,  or  spinal  marrow 
(medulla  spinalis),  is  that  part  of 
the  cerebro-spinal  axis  which  is 
situated  within  the  vertebral  canal. 
It  extends  from  the  margin  of  the 
foramen  magnum  of  the  occipital 
bone  to  about  the  lower  part  of  the 
body  of  the  first  lumbar  vertebra. 
It  is  continued  into  the  medulla 
oblongata  above,  and  ends  below 
in  a  slender  filament,  the  jtium 
terminate  or  central  ligament  of  the 
spinal  cord. 

Invested  closely  by  a  proper 
membrane  (the  pia  mater),  the 
cord  is  enclosed  within  a  sheath 
(theca)  considerably  longer  and 
larger  than  itself,  which  is  formed 
by  the  dura  mater,  and  which  is 
separated  from  the  walls  of  the 
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canal  by  numerous  vascular  plexuses,  and 
much  loose  areolar  tissue.     The  interval 
between  the  investing  membrane  and  the 
sheath  of  the  cord  is  occupied  by  a  serous 
membrane  (the  arachnoid),  and  the  space 
between  the  latter  membrane  and  the  pia 
mater  is  occupied  by  a  fluid  called  the 
cerebro-spirial  fluid.      Within  this  space 
the  cord  is  kept  in  position  by  proper 
ligaments,  which  fix  it  at  different  points 
to  its  sheath,  and  by  the  roots  of  the 
spinal  nerves, — an  anterior  and  a  pos- 
terior root    belonging  to  each, — which 
pass  across  the  space  from  tbe  surface  of 
the  cord  towards  the  intervertebral  fora- 
mina.      From  its  lower  part,  where  they 
are  closely  crowded  together,  the  roots 
of  the  lumbar  and  sacral  nerves  descend 
nearly  vertically  to  reach   the  lumbar 
intervertebral  and  the  sacral  foramina, 
and  form  a   large   bundle  or  lash  of 
nervous  cords  named  the  cauda  equina, 
which  occupies  the  vertebral  canal  below 
the  termination  of  the  cord. 


Fig.  340.— Anterior  and  Posterior  Views  op 
the  Medulla  Oblongata  and  Spinal  Cord 
with  Sections.  4 

The  cord  has  been  divested  of  its  membranes 
and  the  roots  of  the  nerves.  A,  presents  an 
anterior,  B,  a  posterior  view,  showing  the  upper 
or  brachial,  and  the  lower  or  crural  enlargements 
In  these  figures  the  filiform  prolongation,  repre- 
sented separately  in  B',  has  been  removed  •  C 
shows  a  transverse  section  through  the  middle  of 
the  medulla  oblongata  ;  D,  a  section  through  the 
middle  of  the  cervical  enlargement  of  the  spinal 
cord  ;  E,  through  the  upper  region  of  the  dorsal 
Pa-r,\i  't  *hrough  ita  lower;  G,  through  the 
middle  of  the  lumbar  enlargement ;  and  H,  near 
the  lower  end  of  its  tapering  extremity 

1,  anterior  pyramids;  1',  their  decussation; 
2,  olivary  bodies  ;  3,  restiform  bodies ;  4  pos- 
terior surface  of  the  medulla  oblongata  •  V  cala 
mus  scnptorius  ;  5,  posterior  pyramids  ;  6,  pos- 

bodies  7,  7,  anterior  median  fissure  extending 
through  the  whole  length  of  the  spinal  cord  J  ? 
anterior  lateral  groove  :  9  Q  JLt„  •  '  •  °> 
fissure;  10  1 0,  pSrior'  ^T^T 
lower  end  of  the  U pering  extremity  08f  the  cord  \ 
c^aud  it.^^^"^  of  the 

Although  the  cord  usually  ends  near  the 
lower  border  of  the  body  of  the  first  lumbar 
vertebra,  it  sometimes  terminates  a  little  above 
or  below  that  point,  as  opposite  to  the 
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dorsal  or  to  the  second  lumbar  vertebra.  The  position  of  the  lower  end  of  the  cord  also 
varies  according  to  the  state  of  curvature  of  the  vertebral  column,  in  the  flexion 
iorwards  of  which,  as  in  the  stooping  posture,  the  end  of  the  cord  is  slightly  raised. 
In  the  foetus,  at  an  early  period,  the  cord  occupies  the  whole  length  of  the  vertebral 
canal ;  but  after  the  third  month,  the  canal  and  the  roots  of  the  lumbar  and  sacral 
nerves  begin  to  grow  more  rapidly  than  the  cord  itself,  so  that  at  birth  the  lower  end 
reaches  only  to  the  third  lumbar  vertebra. 


Pi,  341.-POSTEMOK  Vaw  of  toe  Mrdclla  Oblosqata  akd  01  ™« ,  BOTii  Com 
".TO  its  Contact  A»i>  toe  Hoots  of  the  Nekyes  (from  Soppej).  4 

cauda  equina. 

The  length  of  the  spinal  cord  is  from  fifteen  to  eighteen  inches  ;  and  it 
varies  in  diameter  in  different  situations.    Its  general  form  xs  cyhndnca 
lomewhat  flattened  before  and  behind.     It  presents  two  enlargements-an 

™7nr  cervical  and  a  lower  or  lumbar.  The  cerv.cal  enlargement  is  of 
11PPL  si  aTd  xteut  than  the  lower.  It  reaches  from  the  third  cervical 
£  te  first  dial  vertebra;  its  greatest  diameter  is  from  s,de  to  sxde. 
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The  lower  or  lumbar  enlargement  is  situated  nearly  opposite  the  last  dorsal 
vertebra  ;  its  autero-posterior  diameter  is  nearly  equal  to  the  transverse. 
Below  this  enlargement,  the  cord  tapers  in 
the  form  of  a  cone,  from  the  apex  of  which  Pig.  342. 

the  small  filiform  prolongation  is  continued 
downwards  for  some  distance  within  the 
sheath. 

Fig.  342.— Lower  Part  op  the  Spinal  Cord  wrrn 
the  Cauda  Equina  and  Sheath,  seen  from  be- 
hind. £ 

The  sheath  has  been  opened  from  behind  and 
stretched  towards  the  sides  ;  on  the  left  side  all  the 
roots  of  the  nerves  are  entire  ;  on  the  right  side  both 
roots  of  the  first  and  second  lumbar  nerves  are  entire 
while  the  rest  have  been  divided  close  to  the  place  of 
their  passage  through  the  sheath.  The  bones  of  the 
coccyx  are  sketched  in  their  natural  relative  position 
to  show  the  place  of  the  filum  terminale  and  the  lowest  DxD 
nerves. 

a,  placed  on  the  posterior  median  fissure  at  the 
middle  of  the  lumbar  enlargement  of  the  cord  ;  6  6 
the  terminal  filament,  drawn  slightly  aside  by  a  hook 
at  its  rmddle,  and  descending  within  the  dura-matral 
sheath;  V,  V,  its  prolongation  beyond  the  sheath 
and  upon  the  back  of  the  coccygeal  bones ;  c,  the 
dura-matral   sheath;   d,  double   foramina  for  the 
separate  passage  of  the  anterior  and  posterior  roots  of 
each  of  the  nerves;,  e,  pointed  ends  of  several  pro- 
cesses of  the  ligamentum  denticulatum ;   Dx  and 
Dxn,  the  tenth  and  twelfth  dorsal  nerves  ;  Li.  and 
Lv,  the  first  and  fifth  lumbar  nerves  ;  Si,  and  Sv 
the  first  and  fifth  sacral  nerves ;  Ci,  the  coccygeal' 
nerve.  J6 


The  cervical  and  lumbar  enlargements  have  an 
evident  relation  to  the  large  size  of  the  nerves 
which  supply  the  upper  and  lower  limbs,  and  which 
are  connected  with  those  regions  of  the  cord  —in 
accordance  with  the  general  fact  observed  in  the 
animal  kingdom,  that  near  the  origin  of  large  nerves 
the  central  nervous  substance  is  accumulated  in 
larger  proportion.  At  the  commencement  of  its 
development  in  the  embryo,  the  spinal  cord  is  des- 
titute of  these  enlargements,  which,  in  their  first 
appearance  and  subsequent  progress,  correspond 
with  the  growth  of  the  limbs. 

Sometimes  the  cord  presents  one  or  two  bulbs  or 
swellings  towards  its  lower  end 

According  to  Foville,  the  lumbar  enlargement  is 
chiefly  due  to  an  mcrease  in  bulk  of  the  anterioj 
region  of  the  cord.     Traite"  compl.  de  lAnat  L 


SIC 


CL- 


vCi 


The  terminal  filament  (filum  terminale,  cen- 
tral ligament)  descends  in  the  middle  line 
amongst  the  nerves  composing  the  cauda 
equina,  and,  becoming  blended  with  +],«,  i~  i    ,  , 

the  first  or  second  sacral  veSbT  ^      T  I    °{  ^  °PPosite  to 

ai  vertebra,  passes  on  to  be  fixed  to  the  lower  end  of 
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the  sacral  canal,  or  to  the  base  of  the  coccyx.  Internally,  it  is  a  prolongation 
for  about  half  its  length  of  some  of  the  nervous  elements  of  the  cord  ; 
externally,  it  consists  of  a  tube  of  the  pia  mater  or  innermost  membrane, 
which,  being  attached  at  its  lower  end  to  the  dura  mater  and  vertebral 
canal,  keeps  pace  with  the  latter  in  its  growth,  whilst  the  cord  relatively 
shortens.  It  is  distinguished  by  its  silvery  hue  from  the  nerves  amid  which 
it  lies.     Small  blood-vessels  may  sometimes  be  seen  upon  it. 

Fissures. — When  removed  from  the  vertebral  canal,  and  divested  of  its 
membranes,  the  spinal  cord  is  seen  to  be  marked  by  longitudinal  fissures. 
Of  these,  two,  which  are  the  most  obvious,  run  along  the  middle  line, 
one  in  front  and  the  other  behind,  and  are  named  the  anterior  and  pos- 
terior median  fissures. 

The  anterior  median  fissure  is  more  distinct  than  the  posterior,  and  pene- 
trates about  one-third  of  the  thickness  of  the  cord,  its  depth  increasing 
towards  the  lower  end.  It  contains  a  fold  or  lamelliform  process  of  the 
pia  mater,  and  also  many  blood-vessels,  which  are  thus  conducted  to  the 
centre  of  the  cord.  At  the  bottom  of  this  fissure  is  seen  the  transverse 
connecting  portion  of  white  substance  named  the  anterior  white  commissure. 

The  posterior  median  fissure  is  less  marked  in  the  greater  part  of  its 
extent  than  the  anterior,  but  becomes  more  evident  towards  the  upper  part 
of  the  cord.  In  a  certain  sense  it  is  no  real  fissure,  except  at  the  lumbar 
enlargement  and  in  the  cervical  region,  in  both  of  which  places  a  superficial 
fissure  is  distinctly  visible  ;  for  although  the  lateral  halves  of  the  posterior 
part  of  the  cord  are  quite  separate,  there  is  no  distinct  reflection  of  the  pia 
mater  between  them,  but  rather  a  septum  of  connective  tissue  and  blood- 
vessels which  passes  in  nearly  to  the  centre  of  the  cord,  as  far  as  the  posterior 
qreu  commissure.  , 

Besides  these  two  median  fissures,  two  lateral  furrows  or  fissures  have 
been  described  on  each  side  of  the  cord,  corresponding  with  the  lines  ot 
attachment  of  the  anterior  and  posterior  roots  of  the  spinal  nerves. 

The  posterior  lateral  fissure  is  a  superficial  depression  along  the  line  ot 
attachment  of  the  posterior  roots,  and  is  at  the  edge  of  the  plane  in  which 
these  roots  pass  inwards  to  the  grey  matter  of  the  cord 

The  anterior  lateral  fissure,  which  is  often  described  in  the  lme  of  the 
origin  of  the  anterior  roots  of  the  nerves,  has  no  real  existence  as  a  groove 
The  fibres  of  these  roots  in  fact,  unlike  the  posterior,  do  not  dip  into  the 
spinal  cord  in  one  narrow  line,  but  spread  over  a  space  of  some  breadth 
The  tey  substance  of  the  cord,  however,  approaches  the  surface  somewhat 
in  the  vicinity  of  the  place  where  the  anterior  roots  enter  :  and  this  together 
with  a  slight  depression,  produces  the  appearance  which  has  been  described 
as  a  groove.  Thus,  each  lateral  half  of  the  cord  is  divided  by  the  po  tenor 
laW  fissure  into  a  posterior  and  an  anterolateral  column  ;  ^d  although 
we  cannot  trace  an  anterior  lateral  fissure,  this  anterolateral  portion  of  the 
cord  may,  for  the  convenience  of  description,  be  considered  as  subdivided 
into  an  anterior  and  a  lateral  column  by  the  internal  grey  matter. 

On  the  posterior  surface  of  the  cord,  and  most  evidently  in  the  upper 
part,  there  are  two  slightly-marked  longitudinal  furrows  situated  one  on 
each  side,  close  to  the  posterior  median  fissure,  and  marking  off,  at  least  m 
So  cervical  region,  a  slender  tract,  named  the  posterior  medxan  column. 
Between  the  anterior  and  posterior  roots  of  the  spinal  nerves  on  each  side, 
the  cord  is  convex,  and  sometimes  presents  a  longitudinal  mark  correspond- 
ing with  the  line  of  attachment  of  the  ligamentum  denticulatum. 

Foville  states,  that  in  a  new-born  child  there  is  a  narrow  accessory  bundle  of  white 
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matter,  which  runs  along  the  surface  of  the  lateral  column,  and  is  separated  from  it 
by  a  streak  of  greyish  substance.  According  to  the  same  authority,  this  narrow  tract 
enlarges  above,  and  may  be  traced  upwards  along  the  side  of  the  medulla  oblongata 
into  the  cerebellum.    (Op.  cit.  p.  285.) 


Fig.  343. — Different 
Views  of  a  Portion  of 
the  Spinal  Cord  from 
the  Cervical  Region 
with  the  Roots  of 
the  Nerves.  Slightly 
enlarged. 

In  A,  the  anterior  sur- 
face of  the  specimen  is 
shown,  the  anterior  nerve- 
root  of   the  right  side 
being  divided  ;  in  B,  a 
view  of  the  right  side  is 
given ;  in  C,  the  upper 
surface  is  shown  ;  in  D, 
the  nerve  roots  and  gan- 
glion   are    shown  from 
below.    ],  the  anterior 
median  fissure ;  2,  pos- 
terior median  fissure;  3, 
anterior  lateral  depres- 
sion, over  which  the  ante- 
rior nerve-roots  are  seen 
to  spread ;  4,  posterior 
lateral  groove,  into  which 
the  posterior  roots  are 
seen  to  sink ;  5,  anterior 
roots  passing  the  ganglion  ; 
5',  in  A,  the  anterior  root 

^^oC™™^  t  SriortSaf^b  "*!  ^  ****  ?  ■  7>  ^ 
derived  in  partem  the  .&£  ltd  fi^^SJJoSrT  "     ^  D«  *  * 

Internal  structure  of  the  spinal  cord.-The  spinal  cord  consists  of  white 
and  grey  nervous  substance.     The  white  matter,  forming  by  far  the  W 

pr^tS™^ 

rrtTof?  tOWardS       aDOther'  ^  j0iUGd  ^£^£££1'  llteZ 

anterior'  roots  of  J  nerves  I„ t^^*^*?^™**^ 
separates  it  from  the  bottom  of  thl  w •  ?•    ^  °f  Whlte  subst<™ce 

the  anterior  white  commWe.  ^  ""^  fisSUre>  this  is  na™d 

sufficient,  to  rW,.;^  wi.   *     .tne  Present  state  of  our  knowledge  it  seems 


one  grey  commissure  behind  it. 


sufficient  to  describe  one  white  commissure? and 
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greater  part  of  the  grey  matter,  which  resembles  that  most  generally  preva- 
lent, was  named  by  Rolando  the  substantia  spongiosa. 

The  grey  cornua  vary  in  form  in  different  parts  of  the  cord  :  thus  they 
are  long  and  slender  in  the  cervical  portion,  still  more  slender  in  the  dor- 
sal, and  shorter  and  wider  in  the  lumbar  region.  The  grey  matter  appears 
in  a  series  of  sections  to  be,  relatively  to  the  white,  more  abundant  in  the 
lumbar  region  of  the  cord,  less  so  in  the  cervical  region,  and  least  so  in  the 
dorsal.  The  actual  amount,  however,  of  white  matter  is  greatest  in  the 
neck.  Towards  the  lower  end  of  the  cord,  the  double  crescentic  form 
gradually  disappears,  and  the  grey  matter  is  collected  into  a  central  mass, 
which  is  indented  at  the  sides.  At  its  extreme  point,  according  to  Remak 
and  Valentin,  the  cord  consists  of  grey  matter  only. 


Fig.  344. 


Fig.   344. — Sections  op   the  Spinal 
Cord  in  Different  Parts. 

These  views  are  taken  partly  from 
Stilling's  plates  and  partly  from  nature. 

A,  is  a  section  through  the  middle  of  the 
cervical  enlargement,  at  the  root  of  the 
sixth  cervical  nerve  ;  B,  through  the  mid- 
dle of  the  dorsal  cylindrical  portion  ;  C, 
through  the  middle  of  the  lumbar  enlarge- 
ment ;  D,  in  the  conical  diminishing  part 
of  the  cord  ;  E,  farther  down  at  the 
origin  of  the  fifth  sacral  nerve  ;  F,  at 
that  of  the  coccygeal  nerve  ;  Q,  is  a  sec- 
tion of  the  part  where  the  conus  medul- 
laris  begins  to  pass  into  the  filum  termi- 
nale  ;  and  H,  at  the  lower  part  of  this 
or  in  the  commencement  of  the  filum 
terminale. 

A,  B,  and  C,  are  fully  twice  the  natural 
size  ;  D,  E,  and  F,  about  three  times  ; 
and  G  and  H,  about  six  times.  In  A, 
and  C,  a,  marks  the  anterior  root-fibres 
of  the  nerves  ;  and  p,  the  posterior  root- 
fibres  as  they  enter  the  spinal  cord.  In 
D,  E,  and  F,  the  great  diminution  of  the 
white  substance  in  proportion  to  the  grey 
is  seen ;  in  Q,  the  peculiar  form  of  the 
central  canal  and  medullary  substance 
covering  it ;  and  in  H,  the  open  con- 
dition of  the  central  canal  posteriorly. 

In  all  the  figures  the  position  is  the 
same,  viz. ,  the  anterior  part  placed  down- 
wards. 


Central  canal. — Extending  through  the  whole  length  of  the  spinal  cord, 
in  the  substance  of  the  grey  commissure,  there  is  a  minute  central  canal 
which  in  prepared  transverse  sections  of  the  cord  is  barely  visible,  as  a 
speck,  with  the  naked  eye.  Superiorly,  it  is  continued  into  and  opens  out 
at  the  calamus  scriptorius  of  the  fourth  ventricle  ;  and  inferiorly,  it  is 
prolonged  iuto  the  filum  terminale.  It  is  lined  with  a  layer  of  cylindrical 
cibated  cells  or  epithelium.  This  canal,  though  minute,  is  an  object  of 
considerable  interest  as  a  typical  part  of  the  structure  of  the  cord,  it  being 
the  permanent  remains  of  the  cavity  of  the  cylinder  formed  by  the  spinal 
cord  at  the  earliest  period  of  its  development.    It  is  more  distinctly  seen 
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in  fishes,  reptiles  and  birds  than  in  mammals.  In  the  young  human  subject 
it  is  always  present,  but,  according  to  the  observation  of  Lockhart  Clarke 
and  Kolliker,  it  sometimes  disappears  in  the  adult. 

Minute  structure  of  the  Spinal  Cord.— The  substance  of  the  spinal  cord  consists  of  a 
large  proportion  of  nervous  substance,  supported  in  a  delicate  framework  of  connective 
tissue  and  numerous  minute  blood-vessels.  The  white  matter  presents  nerve-fibres 
but  is  destitute  of  nerve-cells ;  the  grey  matter  contains  both  elements.  The  fibres' 
of  the  white  substance  are  in  greatest  part  longitudinal ;  the  principal  exceptions 
being  those  contained  in  the  commissure,  and  in  the  roots  of  the  nerves.  The  longi- 
tudinal fibres  are  finer  in  the  posterior  columns  and  posterior  parts  of  the  lateral 
columns  than  in  other  parts,  and  the  deepest  fibres  are  smaller  than  those  placed  moro 
superficially.  (KtSlliker.)  The  fibres  of  the  grey  substance  are  for  the  most  part  not 
more  than  one  half  the  diameter  of  their  continuations  in  the  white  substance,  and  in 
the  nerve-roots,  but  among  them  there  are  a  few  of  larger  size.  They  are  very 
various  in  their  direction,  and,  in  great  part  at  least,  are  connected  with  the  roots  of 


Fig.  345. 


Pig.  345. — Transverse 
Section  op  half  the 
Spinal  Marrow  in 
the  Lumbar  En- 
largement, a 

This  is  a  semidia- 
grammatic  representa- 
tion taken  from  a  pre- 
pared specimen,  and 
founded  in  part  on  the 
statements  of  Lockhart 
Clarke,  and  of  Kolliker. 

1,  anterior  median 
fissure ;  2,  posterior 
median  fissure ;  3,  cen- 
tral  canal  lined  with 

epithelium;  4,  posterior 

commissure ;  5,  anterior 

commissure ;  6,  posterior 

column;  7,  lateral  co- 
lumn ;  8,  anterior  co- 
lumn ;  (at  each  of  these 

places   and  throughout 

the  white  substance  the 

trabecular  prolongations 

of  the  pia   mater  are 

shown ;)     9,  posterior 

roots  of  the  spinal  nerve 

entering  in  one  principal 

bundle;     10,  anterior 

roots   entering  in  four 

spreading    bundles  of 

fibres  ;  a,  a,  caput  cornu 

posterioris    with  large 
and  small  cells,  and  above  them  tho  „„i 

sating  fibres  from  the  ^T^^SWXU,m^w  >  h>  Iq  cervU  cornu,  decus- 
columns  (of  Clarke)  ;  d,  ^^tZ^,™"*™'.  *  Posterior  v'estX 
the  lateral  columns  :  near  d,  the  l^l  ZZ^  'T  the  P°Sterior  c°mmissure  into 
roots  entering  the  anterior  cornu,  mi^SVl  ^J'8''  e>  e'  fibres  of  «»  anterior 
not  joining  their  processes;  J  fibres  ihrm^  araoilg  the  radiating  cells,  but 

anterior  column  ;  e",  external  fibres   rom  Ve  U  •V0°fc8  which  decu^^  *  the 

an  tenor  grey  cornu  towards  the  lateral  column,  .r~tsflI  run"In8  ™und  the  outside  of  the 
and  from  the  posterior  cornu  running  toward  Till  f\6h.rea  {™m  «>e  posterior  commissure 
m  the  anterior  column  ;  of  these  the  anterior  are  ~ ^  T^ee  gro,1Ps  of  c<3lla  »re  s<*» 
chiefly  external  or  lateral.  verier  are  external  and  internal,  the  posterior  arc 
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The  nerve  cells  of  the  grey  matter  are  of  two  kinds.  Firstly,  there  are  very  large 
branched  cells,  from  to  ^  of  an  inch  in  size,  containing  nuclei  and  pigment ; 
secondly,  there  are  smaller  cells,  ranging  from  to  ^  of  an  inch,  but  the  majority 
are  from  j±m  to  gig  of  an  inch  in  size. 

The  smaller  cells  occur  scattered  throughout  the  whole  of  the  grey  matter ;  the 
larger  cells,  on  the  contrary,  are  collected  into  groups.    In  the  posterior  cornua  the 
large  cells  are  almost  entirely  collected  into  a  compact  group,  the  posterior  vesicular 
column  of  Clarke  (the  core  of  Stilling),  which  occupies  the  inner  half  of  the  cervix  of 
the  posterior  cornu.    This  vesicular  column  is  in  intimate  connection  with  the 
posterior  roots  of  the  nerves ;  it  may  be  traced  continuously  from  near  the  lower 
extremity  of  the  spinal  cord  to  the  middle  of  the  cervical  enlargement,  where  it 
terminates ;  and  it  increases  in  size  in  both  the  lumbar  and  cervical  enlargements. 
In  the  anterior  cornu  the  large  cells  occur  in  greater  number  than  in  the  posterior 
cornu,  and  are  of  somewhat  greater  size  ;  and  they  are  principally  placed  at  its  forepart, 
and  arranged  in  an  inner  and  an  outer  group.    There  is  likewise  described  by  Clarke  a 
small  group  of  cells,  collected  in  a  tractus  intermedio-lateralis,  and  forming  a  projection 
of  the  grey  matter  opposite  the  junction  of  the  anterior  and  posterior  cornua.  This 
lateral  vesicular  column  extends  from  the  upper  part  of  the  lumbar  to  ithe  lower  part 
of  the  cervical  enlargement ;  and  it  may  be  said  to  reappear  at  the  upper  extremity 
of  the  cord,  where  it  is  traversed  by  the  roots  of  the  spinal  accessory  nerve,  and  is 
continued  up  into  the  medulla  oblongata. 

Fig.  346. 
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Fie  346   A  Small  Portion  of  a  Transverse  Section  op  the  Human  Spinal  Cord 

near  the  Surface  at  the  entrance  of  a  Bundle  of  the  Anterior  Roots.  >f 
This  figure  which  is  somewhat  diagrammatic,  is  intended  to  show  the  relation  to  the 
nervous  substance  of  the  pia-matral  sheath  of  the  cord  and  the  processes  of  connective 
tfssue  pro longed from  it  between  the  longitudinal  and  other  nerve  fibres     a,  a,  the 
ttssue  proiongea  iro  anterior  roots,  the  medullary  sheaths  not  repre- 

M  —  section!  of  part  of  the  anterior'  columns  of  the  cord,  in  which  the 
dart  Unto  are  the  primitive  filaments,  and  the  circles  represent  the  neurilemmal  tube 
enclos^rthe  medullary  substance  :  in  these  parts  the  connective  tissue  is  not  represented, 
!n?l  ml  of  the  smallest  nerve  fibres  have  also,  for  the  sake  of  clearness,  been  omitted  ; 
T  thTni, mSral^verin"  of  the  cord  ;  d,  one  of  the  compartments  of  the  anterior 
olumn  KSS  ty sep U  of  connective  tissue  prolonged  from  the  pia-mater,  and  exhibit- 
tt  Z  Tne  f  ame  work  of  connective  tissue  extending  through  among  the  nerve  fibres, 
which  last  have  been  omitted  :  there  are  also  indicated  among  the  trabecule  minute 
nuclei  of  connective  tissue . 

Connective  tissue  takes  part  in  the  structure  of  the  cord  to  a  very  <;0^i(JcraJ|e 
Patent     It  forms  a  complete  covering  surrounding  the  white  substance.    In  the 

n.r  margin  also  of  the  posterior  columns,  one  on  each  side  of  the  posterior  fissure, 
l^^baiS  *nd.  (the  bands  of  Goll)  have  been  distinguished,  in  which  the 
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connective  tissue  is  remarkably  abundant,  and  the  nerve  fibres  particularly  small. 
The  connective  tissue  forms  also  a  reticulum  (processus  reticularis),  in  which  the 
longitudinal  nerve  fibres  are  imbedded.  In  the  grey  matter  the  connective  tissue  is 
still  more  abundant,  more  especially  in  the  immediate  neighbourhood  of  the  central 
canal.  Much  discussion  has  taken  place  as  to  whether  the  smallest  cells  already 
described  are  really  nervous  or  belong  to  the  connective  tissue.  In  the  present 
imperfect  state  of  knowledge  of  the  development  of  nervous  elements,  it  might  be 
rash  to  express  a  decided  opinion  on  this  point ;  but  it  may  be  stated  that,  independent 
of  these,  nuclei  are  figured  by  Kolliker  in  the  reticulum,  and  also  cells  containing 
numerous  and  dividing  nuclei  in  the  neighbourhood  of  the  central  canal. 

Origin  of  the  spinal  nerves. — The  anterior  and  posterior  roots  of  the  spinal  nerves 
are  attached  along  the  sides  of  the  cord  in  or  near  the  anterior  and  posterior  lateral 
grooves,  and  opposite  to  the  corresponding  cornua  of  the  grey  matter ;  the  posterior 
roots  in  a  straight  line,  and  the  anterior  roots  scattered  somewhat  irregularly  upon 
the  surface  (Fig.  345). 

The  fibres  of  the  antei-ior  roots  may  be  traced  into  and  through  the  anterior 
cornua.  They  then  diverge  in  different  directions.  The  innermost  fibres,  after 
passing  through  among  the  cells  in  the  inner  group  of  the  anterior  cornu,  cross  in  the 
white  commissure  to  the  anterior  column  of  the  opposite  side.  Many  fibres  pass 
backwards  in  the  substance  of  the  anterior  cornu  where  some  of  them  would  appear 
to  form  connection  with  fibres  proceeding  from  other  parts  of  the  cord,  and  others  to 
spread  obliquely  upwards  and  downwards;  while  those  which  are  most  external, 
passing  through  the  outer  group  of  cells,  reach  the  lateral  column. 


Fig.  347. 


Fig.  347. — A  Small  Por- 
tion of  a  Transverse 
Section  op  the  Spinal 
Cord  at  the  place 
where  two  bundles  op 
the  Fibres  op  the 
Anterior  Roots  pass 
into  the  qrey  sub- 
STANCE. 222 
1 

This  figure  may  be  looked 
upon  as  representing  the 
inner  ends  of  the  anterior 
roots  of  the  nerves,  of 
which  the  outer  part  is 
shown  in  fig.  348.  a,  a, 
the  two  bundles  of  fibres  of 
the  anterior  root  passing 
between  the  compartments 
of  lougitudinal  fibres  of  the 
cord;  b,  b,  these  fibres 
running  backwards  through 
the  grey  substance  towards 
the  posterior  cornua  ;  c,  d, 

partraents  of  the  anterior  Lh?mLn  A  ,^  ,°r-00?U  ;  d>  Portions  of  com- 
in  transverse  s^n™,  ^^???  ?  ^'J'1™1  fibre*  °f  the  cord  are  shown 
anterior  cornu-some'  with  Ze  0  firs  wlT         ^  1  Substance  of  the 

from  them  :  no  direct  command? 5„  '     .  DUmber  of  Proce^es  emanating 

fibres  of  the  roots.       commumcat"n  »  shown  between  these  processes  and  the  nerve 

oZin^  diverge  from  each 

front  of  this  there  mav  be  ZZ  ZT^  _B™\  Parfc  thc  substantia  gelatiuosa.  In 
fibres  which  turn  lougitud  nail    uoTrch      VT ^  8ecU°n3'  a  ^  of  theso 
forwards,  in  part  at  least  ^LSZ^raTt  r*""*  and, 
commissure  the  posterior  and  laternl  ~ f      '  ^  }n  part  to  reacu  hy  the  posterior 
the  posterior  roots  pas  ;  forward? a  L  f       °PPosite  side"    Other  fibres  of 

pass  101  wards  at  once  through  the  grey  substance  to  the  anterior 
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and  lateral  columns.  Another  set  of  fibres  slant  principally  upwards,  but  some 
downwards,  in  the  posterior  columns,  and,  interlacing  with  each  other,  most  probably 
enter  the  grey  matter  at  different  heights.  Some  are  lost  to  view  in  the  posterior 
white  columns,  and  it  is  uncertain  whether  or  not  they  immediately  ascend  through 
these  columns  to  the  brain. 

Much  discussion  has  taken  place  as  to  the  course  of  the  fibres  in  the  cord,  and  their 
ultimate  destination.  It  is  easily  understood  that  by  the  examination  of  sections  difficul  t 
to  prepare,  limited  in  extent,  liable  to  undergo  changes  in  the  preparation,  and  giving 
views  confined  each  to  little  more  than  a  thin  lamina,  it  is  scarcely  to  be  expected  that 
the  full  history  of  many  tortuous  fibres  can  be  accurately  ascertained.  Thus  it  remains 
still  undecided  whether  any  of  the  fibres  of  the  nerve-roots  pass  up  all  the  way  to 
the  brain.  Volkmann  concluded  that  none  of  them  reached  the  brain,  arguing  from 
measurements  of  the  size  of  the  cord  in  different  regions,  that  the  cord  could  not 
contain  in  its  upper  regions  all  those  nerve-fibres  which  were  traceable  to  it  in  the 
lower.  Kolliker  pointed  out  the  fallacy  of  this  conclusion  in  so  far  as  Volkmann 
had  not  made  proper  allowance  for  the  diminished  size  of  the  fibres  as  they  ascend  in 
the  cord ;  but  although  Volkmann's  argument  was  thereby  invalidated,  it  appears 
impossible  to  prove  by  microscopic  observations  that  fibres  of  nerve-roots  traced  into 
the  grey  matter,  and  observed  to  emerge  into  the  white  matter,  do  not  again  re-enter 
the  grey,  and  terminate  there.  (Lockhart  Clarke,  Phil.  Trans.,  1851,  1853,  1859; 
Stilling,  Neue  Unters.  u.  d.  Bau  des  liiickenmarks,  1856,  1857;  Lenhossec,  Neue 
Unters.  u.  d.  Bau  d.  cent.  Nervensystems,  Vienna,  1855;  F.  Goll,  Beitrage  z.  feineren 
Bau  d.  liiickenmarks,  Zurich,  1860.  For  a  full  account  of  the  whole  subject,  see 
Kolliker 's  Handbuch  der  Gewebelehre  des  Menschen,  4th  ed.,  1863). 

It  is  also  undetermined  in  what  relation  the  nerve-fibres  and  branched  or  multipolar 
cells  of  the  cord  stand  to  each  other.  Most  are  inclined  to  believe  that  the  radiating 
prolongations  of  the  cells  are  in  actual  continuity  with  the  axial  filaments  of  nerve  fibres, 
whether  proceeding  from  nerve-roots  or  from  different  parts  of  the  cord  itself;  and 
the  direct  observation  of  such  continuity  has  been  affirmed  by  some,  as  by  Schroeder 
Van  der  Kolk.  But  it  is  still  considered  by  observers  who  have  given  most  careful 
attention  to  this  investigation  that,  although  such  continuity  may  be  regarded  as  of 
the  greatest  probability,  and  although  it  may  be  considered  as  proved  in  some  other 
parts  of  the  nervous  system,  especially  in  the  lower  animals,  the  actual  passage  of 
nerve-fibres  into  the  processes  of  nerve-cells  has  not  been  proved  as  the  result  of 
actual  observation  in  the  spinal  cord  of  man  or  of  mammals. 

Result?  of  Experiments. — Seeing  the  imperfect  nature  of  the  knowledge  of  the 
minute  structure  of  the  spinal  cord  as  obtained  from  microscopic  observations,  it 
may  be  proper  to  give  here  a  short  account  of  the  more  important  results  of 
physiological  experiments  as  to  the  course  of  the  transmission  of  sensory  impressions 
and  motor  influences  through  it,  although  it  is  at  present  difficult  to  reconcile  them 
with  the  results  of  anatomical  research.  For  the  most  important  information  upon 
this  subject,  derived  from  vivisection,  science  is  indebted  to  the  researches  of  Brown- 
Sequard  and  Schiff. 

When  the  superior  or  dorsal  *  half  of  the  cord  is  divided  in  animals,  sensation  still 
continues  in  the  hind  limbs.  Sensation  likewise  continues  after  division  of  the 
inferior  half  of  the  cord,  and  even  after  the  superior  and  inferior  parts  of  the  cord 
have  been  divided  at  different  levels  in  such  a  manner  that  the  hinder  extremity  of 
the  cord  may  be  supposed  to  communicate  with  the  brain  by  means  of  the  central  grey 
matter  only.  But  sensation  is  abolished  by  piercing  the  interior  of  the  cord  with  an 
instrument,  and  so  moving  it  as  to  divide  as  much  as  possible  the  grey  matter  without 
injuring  the  white  matter.  Moreover,  section  of  the  cord  and  irritation  of  the  cut 
surfaces  produce  no  pain,  provided  that  the  plane  of  section  be  sufficiently  removed 
from  the  origins  of  nerves,  as  may  be  accomplished  in  the  cervical  region ;  but  in  the 
neighbourhood  of  nerve  roots  there  is  great  sensibility.  From  all  these  circumstances 
it  appears  probable  that  the  sensory  fibres,  viz.,  those  of  the  posterior  roots,  pass 
quickly  into  the  grey  substance,  and  that  the  grey  substance  conducts  sensory 
impressions  upwards.  Moreover,  the  circumstance  that  the  posterior  as  well  as  the 
anterior  surfaces  of  transverse  sections  made  near  the  nerve  roots  arc  sensitive  seems 

*  The  student  is  reminded  that  "superior"  applied  to  animals  corresponds  to 
' 1  posterior  "  applied  to  the  human  subject. 
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to  bo  accounted  for  by  the  curving  of  the  nerve  roots,  both  toward  and  away  from  the 
brain.  By  similar  experiments,  it  is  made  probable  that  motor  impressions  likewise 
travel  chiefly  in  the  grey  matter  of  the  cord.  1 

Section  of  one  lateral  half  of  the  cord  is  followed  by  loss  of  sensation  in  the  opposite 
hind  lunb,  and  of  motion  in  the  limb  of  the  side  operated  on:  and  a  prolonged 
mesial  mcision  produces  loss  of  sensation  in  both  hind  limbs,  without  paralysis 
of  motion.  But  in  the  medulla  oblongata,  before  the  decussation  of  the  anterior 
pyramids,  section  of  one  side  produces  loss  of  both  sensation  and  motion  on  the 
opposite  side  From  these  circumstances  it  appears  probable  that  the  sensory  fibres 
Si.  rt!  ♦  JrteT  r°°>  decussate  in  th*  commissure  of  the  spinal  cord', 
W  mr«r  fibrtes>.those  derived  from  the  anterior  roots,  cross  chiefly  at  the 

decussation  of  the  anterior  pyramids  of  the  medulla  oblongata.    (For  further  details 

Sainint.  •  w      ^"^P"^  J-  Beclard,  "Physiologie  Humaiue,"  4th  ed.,  1862  : 
Uarpenter  s  Human  Physiology,  6th  edit.,  1865). 


B.— THE  EtfCEPHALON. 

oh^^S?™  fif tS  °f  .being  co™nie^7  divided  into  the  medulla 
oblongata,  the  cerebellum  with  the  pons  Varolii,  and  the  cerebrum. 

Fig.  348. 


Fig.  „  o„„»E  „,  ,„„  Encepitalon,  m  m,  [80H  m,  mm 

lobes  ;  e,  fissure  of  Sylvius  ;  B,  cerebellum  r  '  t  '  ^  a?ter,or  m!ddle  and  posterior 
«,  peduncles  of  the  cerebrum  :  b  Td  n™'^  ^Varolii;  D,  medulla  obWtL' 
cerebellum  ;  the  parts  marked'*,  peduncle 

The  medulla  oblongata  is  the  narf 
rests  on  the  basila/ process  7t  Coco^ZlT         J'*  ***  COrd  :  » 
dorsal  surface  presents  a  groove  conSul  with"  tlTc  ?  J*  °r 
spinal  cord.  wlcn  tne  central  canal  of  the 

The  cerctoKum  occupies  the  posterior  fossa  of  «, 
mesial  part  of  its  anterior  and  inferior  ,„J * I         crani«m.     By  the 

interior  surface,  it  forms  the  roof  of  a  space 
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the  floor  of  which  is  the  grooved  posterior  surface  of  the  medulla  oblongata, 
aud  which  is  named  the  fourth  ventricle  of  the  brain.  On  each  side  of 
this,  the  cerebellum  is  connected  with  the  medulla  oblongata  and  cerebrum, 
and  also  receives  the  fibres  of  the  pons  Varolii,  which  is  a  commissure 
passing  beneath  and  between  the  fibres  which  extend  upwards  from  the 
medulla  oblongata,  so  as  to  unite  the  two  lobes  of  the  cerebellum. 

The  cerebrum  includes  all  the  remaining  and  much  the  largest  part  of  the 
encephalon.  It  is  united  with  the  parts  below  by  a  comparatively  narrow 
and  constricted  portion  or  isthmus,  part  of  which,  forming  the  crura  cerebri, 
descends  into  the  pons  Varolii,  and  through  it  is  continued  into  the  me- 
dulla oblongata,  whilst  another  part  joins  the  cerebellum.  Situated  on  the 
fibres  which  extend  up  from  the  constricted  part,  are  a  series  of  eminences, 
named,  from  behind  forwards,  the  corpora  quadrigemina,  optic  thalami,  and 
corpora  striata  ;  and  springing  from  the  front  and  outer  side  of  the  corpora 
striata  are  the  large  convoluted  cerebral  hemispheres,  which  expand  from 
this  place  in  all  directions,  concealing  the  eminences  named,  and  occupying 
the  vault  of  the  cranium,  the  anterior  and  middle  cranial  fossae,  and  the 
superior  fossae  of  the  occipital  bone.  The  cerebral  hemispheres  are  united 
together  by  commissures  ;  by  means  of  which  there  is  enclosed  a  cavity, 
which  is  subdivided  into  various  ventricles,  viz.,  the  two  lateral,  the  third, 
and  the  fifth. 

THE  MEDULLA  OBLONGATA. 
The  medulla  oblongata  is  bounded  above  by  the  lower  border  of  the  pons 
"Varolii,  whilst  it  is  continuous  below  with  the  spinal  cord,  on  a  level  with 
the  upper  border  of  the  atlas,  at  a  point  which  corresponds  with  the  lower 
extremity  of  the  anterior  pyramids,  to  be  presently  described.  It  inclines 
obliquely  downwards  and  backwards  ;  its  anterior  surface  rests  in  the 
basilar  groove,  whilst  its  posterior  surface  is  received  into  the  fossa 
named  the  vallecula,  between  the  hemispheres  of  the  cerebellum,  and 
there  forms  the  floor  of  the  fourth  ventricle.  To  its  sides  several  large 
nerves  are  attached. 

The  term  medulla  oblongata,  as  employed  by  Willis,  by  Vieussens,  and  by  those 
who  directly  followed  them,  included  the  crura  cerebri  and  pons  Varolii,  as  well  as 
that  part  between  the  pons  and  the  foramen  magnum,  to  which,  by  Haller  first,  and 
by  most  subsequent  writers,  this  term  has  been  restricted. 

It  is  of  a  pyramidal  form,  having  its  broad  extremity  directed  upwards  : 
it  is  expanded  laterally  at  its  upper  part  :  its  length  from  the  pons  to  the 
lower  extremity  of  the  pyramids  is  about  an  inch  and  a  quarter;  its 
greatest  breadth  is  nearly  an  inch  ;  aud  its  thickness,  from  before  back- 
wards, is  about  three  quarters  of  an  inch. 

The  anterior  and  posterior  mesial  fissures  which  partially  divide  the  spinal 
cord  are  continued  up  into  the  medulla  oblongata.  The  anterior  fissure 
terminates  immediately  below  the  pons  in  a  recess,  the  foramen  cmcum  of 
Vicq  d'Azyr  ;  the  posterior  fissure  is  continued  upwards  into  the  floor  of  the 
fourth  ventricle,  where  it  opens  and  expands  in  a  superficial  furrow,  and  is 
gradually  lost. 

In  other  respects  an  entirely  different  arrangement  of  the  parts  prevails 
from  that  in  the  cord.  The  surface  of  each  half  of  the  medulla  presents 
four  eminences  or  columns,  which  are  met  with  in  the  following  order, 
from  before  backwards,  viz.  :  the  anterior  pyramids,  the  olivary  bodies,  the 
restiform  bodies,  and  the  posterior  pyramids. 
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The  anterior  pyramids  are  two  bundles  of  white  substance,  placed  one  on 
either  side  of  the  anterior  fissure,  and  marked  off  from  the  olivary  body 
externally  by  a  slight  depression.  They  become  broader  and  more  pro- 
minent as  they  ascend  towards  the  pons  Varolii.  At  their  upper  end  they 
are  constricted,  and  thus  enter  the  substance  of  the  pons,  through  which 
their  fibres  may  be  traced  into  the  peduncles  of  the  brain. 


Fig.  349. — View  op  the  Anterior  Surface  Fig.  319. 

of    tfie    Pons    Varolii    and  Medulla 
Oblongata. 

a,  a,  anterior  pyramids  ;  b,  their  decussation  ; 
c,  c,  olivary  bodies  ;  d,  d,  restiform  bodies  ;  e, 
arciform  fibres ;  /,  fibres  described  by  Solly  as 
passing  from  the  anterior  column  of  the  cord  to 
the  cerebellum ;  g,  anterior  column  of  the 
spinal  cord  ;  h,  lateral  column  ;  p,  pons  Varolii ; 
i,  its  upper  fibres  ;  5,  5,  roots  of  the  fifth  pair 
of  nerves. 

In  the  lower  part,  a  portion  of  each 
pyramid,  arranged  in  several  bundles, 
which  interlace  with  the  corresponding 
bundles  of  the  other  pyramid,  passes 
downwards  across  the  fissure  to  the  oppo- 
site side.  This  decussation  of  the  pyra- 
mids is  not  complete,  but  affects  much 
the  greater  part  of  the  innermost  fibres. 
When  traced  from  below,  it  is  found 
that  the  whole  or  a  great  part  of  the 
decussating  fibres  come  forward  from  the 

deep  portion  of  the  lateral  columns  of  the  cord,  and  advance  to  the  surface 
between  the  diverging  anterior  columns,  which  are  thus  thrown  aside. 
(Rosenthal,  "  Beitrag  zur  Encephalotomie,"  1815.) 

The  outer  smaller  portion  of  each  pyramid  does  not  decussate  ;  it  consists 
of  fibres,  derived  from  the  anterior  column  of  the  cord  :  these  ascend,  and 
are  joiued  by  the  decussating  portion  from  the  opposite  side.  Together 
they  form  a  prismatic  bundle  or  column  of  white  fibres,  which  extends 
deeply  into  the  substance  of  the  medulla,  and  is  triangular  in  a  cross 
section. 

The  anterior  pyramids  contain  no  grey  matter. 

The  olivary  bodies  are  two  prominent  oval  masses  placed  to  the  outer  side 
of  the  pyramids,  and  sunk  to  a  considerable  depth  in  the  substance  of  the 
medulla  oblongata  appearing  on  its  surface  like  two  smooth  oval  eminences. 
They  do  not  reach  the  pons  Varolii  above,  being  separated  from  it  by  a 
deep  depression  ;  nor  do  they  extend  so  far  in  a  downward  direction  as  the 
pyramids,  being  considerably  shorter  than  those  bodies 

fibres'oWflT7  h°f 68  .f^V*t™Uy  of  white  substance,  of  which  the 
fibres  chiefly  run  longitudinally  ;  and  internally  of  a  grey  nucleus,  named 
corpus  dentatum  or  ciliare,  or  olivary  nucleus 

v  J,V,wTry  TtUS  °n  maktnS  a  section>  whether  horizontal  or 

vertical  through  the  middle,  to  present  the  form  of  a  zig-zag  line  of  a  1 iZ 

.hich  is  open  at  its  ^^^t^^^^ 
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plicated,  so  as  to  give  the  indented  appearance  to  a  section.  This  capsule  is, 
moreover,  surrounded  with  white  matter  externally,  and  through  its  open  part 
white  fibres  pass  into  or  issue  from  its  interior,  and  connect  it  with  other 
parts  of  the  brain.  The  external  fibres  of  the  anterior  columns  of  the  cord, 
which  at  the  decussation  of  the  pyramids  are  thrown  outwards,  are  con- 
tinued upwards,  on  the  surface  of  the  medulla  oblongata,  and  then  pass 
partly  on  the  outside  of  and  partly  beneath  the  olivary  bodies — being  joined 
in  their  further  progress  by  the  fibres  issuing  from  the  olivary  nucleus.  To 
these  fibres  the  term  olivary  fasciculus  has  been  applied. 

The  restiform  bodies,  placed  behind  and  to  the  outer  side  of  the  olivary 
bodies,  are  two  lateral  rounded  eminences  or  columns  directly  continuous  with 
the  posterior,  and  with  part  of  the  antero- lateral  columns  of  the  cord  ;  they 
diverge  slightly  as  they  ascend,  and  thus  occasion  the  greater  width  of  the 


Fig.  350. 


Fig.  350. — View  of  the  Posterior  Surface  of 
the  Pons  Varolii,  Corpora  Quadrigemina, 
and  Medulla  Oblongata. 

The  peduncles  of  the  cerebellum  are  cut  short 
at  the  side,  a,  a,  the  upper  pair  of  corpora  quadri- 
geruiua  ;  b,  b,  the  inferior  ;  /,  /,  superior  peduncles 
of  the  cerebellum ;  c,  eminence  connected  with 
the  nucleus  of  the  hypoglossal  nerve  ;  e,  that  of 
the  glosso-pharyugeal  nerve  ;  i,  that  of  the  vagus 
nerve  ;  d,  d,  restiform  bodies ;  p,  p,  posterior 
pyramids  ;  v,  v,  groove  iu  the  middle  of  the  fourth 
ventiicle  ;  v,  calamus  scriptorius,  and  eminence 
connected  with  the  spinal  accessory  nerve  ;  7,  7, 
roots  of  the  auditory  nerves.  (See  also  Fig.  359, 
at  p.  525.) 

medulla  at  its  upper  part.  Each  of  them 
passes  into  the  corresponding  hemisphere 
of  the  cerebellum,  and  constitutes  its 
inferior  peduncle.  At  first  they  are  in 
contact  with  the  small  tracts  of  the 
medulla,  named  the  posterior  pyramids  ; 
but  higher  up  they  become  free  and  pro- 
minent, and  assist  in  forming  the  lateral  boundaries  of  the  fourth  ventricle. 
There  is  a  considerable  portion  of  grey  matter  in  their  interior. 

By  far  the  larger  portion  of  the  white  substance  of  the  restiform  body 
consists  of  longitudinal  fibres,  which  include  all  those  belonging  to  the 
posterior  column  of  the  cord  except  the  fasciculus  gracilis,  some  derived 
from  the  lateral  column,  and  also  a  small  band  from  the  anterior  column. 
This  last-named  band  runs  obliquely  below  the  olivary  body  and,  as  was 
shown  by  Solly,  connects  the  anterior  column  with  the  cerebellum. 

The  part  of  the  posterior  column  of  the  cord  which  belongs  to  the  resti- 
form body  of  the  medulla,  is  named  fasciculus  cuneatus. 

The  posterior  pyramids  (fasciculi  graciles)  of  the  medulla  oblongata,  the 
smallest  of  the  four  pairs  of  columns  into  which  it  is  divided,  are  situated 
one  on  either  side  of  the  posterior  median  fissure.  They  consist  entirely  of 
white  fibres,  and  are  continuous  with  the  posterior  slender  tracts  of  the 
cord  They  increase  in  size  as  they  ascend  till  they  reach  the  point  where 
the  medulla  opens  out  to  form  the  floor  of  the  fourth  ventricle  ;  and  there, 
diverging  from  one  another,  they  have  the  appearance  of  tapering  and 
become  closely  applied  to  the  restiform  bodies.  Their  fibres  qmt  those 
bodies,  however,  and  pass  up  to  the  cerebrum. 
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The  floor  of the  fourth  ventricle,  or  space  between  the  medulla  and  cere 
bellum,  13  formed  by  that  portion  of  the  back  of  the  medulla  oblongata 
which  is  situated  above  the  divergence  of  the  posterior  pyramids  Upon  it 
the  central  grey  matter  of  the  medulla  oblongata,  is,  as  it  were,  opened  out 
to  view.  It  is  marked  by  a  median  furrow,  ending  inferiorly  in  the  calamus 
scpptonus  and  at  its  lower  end  is  a  tubular  recess,  passing  down  the  centre 
of  the  medulla  for  a  few  lines.  This,  which  has  been  sometimes  named  the 
the  Iptal  cotT  18  UPPer  eXpanded  portioQ  of  tb-e  <**tral  canal  of 
In  the  upper  part  of  the  floor  of  the  fourth  ventricle  are  two  longitudinal 
eminences,  one  on  each  side  of  the  middle  furrow,  greyish  befow  bu 

fibrT^  ' UP*    Th6Se  ^  f°rmed  *         bun^s  of  UiL 
fibres,  mixed  with  much  grey  matter,       fasciculi  teretes  of  some  authors 
lesfrsceau^nnominSs  of  Cruveilhier.     They  seem  to  be  deriveT  from  part 
of  the  lateral  columns  of  the  cord  ;  Cruveilhier  believe*,  however  IZt  thev 
arise  from  the  grey  matter  at  the  lower  end  of  the  medulla  oK 

Crossing  the  grey  matter  in  the  floor  of  the  ftmrt h  i   T-  ™argins-  , 
these  white  stria*  form  part  of  the  roots  of  tt     ^       b°dM"-     S°me  °f 

*h  they  depend  ^Z^LT^Z  £  s^ce «~  °° 

bodies,./^  ^  processus  arci^l  ^X^^^  "  ^  the  0^ary 
pass  transversely  or  horizontally  outwards  and  tl  ^  I °f  whlte  fibres  which- 
septal  fibres  about  to  be  noticed  SoTetm^  ti,.  Pf°bably  continu°«a  with  the 
olivary  bodies  is  covered  by  a  th  in  stratum  of  t'--^'  ^  ^  P*ramidal  and 
issue  from  the  anterior  mL^n  ^^t  ^^^  '      '  WMch  appear  to 

prSe80£  sea  srr,uflssr  223  £•  veduiia  ^ 

raphe  or  septum,  and  numerous  others  proceed  n^rom ^?\dlSposed  h  a  mesial 
outwards    Of  these  last,  the  majority,  pasShroLhT   ,    *  8eptum  Aversely 
the  pyramuls,  enter  the  corpus  dentatnm  onlf      F  the  ollvar^  bodics,  and  in  nart 
and  these  fibres,  then  passin^S X^t^2^  ^  °f      ^  Subst-" 
he  fasdculus  cuneatus  and  lateralis,  those  of  them  If  T  Cap8Ule'  tum  ba«^vards  to 

J~  -  -  fourth  ventricle.  ^^^l^g^Z 

A  small  band  of  fibres  is  represent  h   r>  ■  ^  '  ' 

and  backwards  from  the  side  rfS^v^S"^  M  Pa88ing  °b,i(pjelr  downwards 
and  facial  nerves,  and  crossing  over  tCil      \d^dinS  between  Ihe  audlSv 

IZZ  ala  ^   lf  VrZSj  isPPParrteof  «       T^0'  c 

Menschl.  Gclnrns,  part  1st,  plate  L,  l859)    P   '  °f  the  h^la-    (Reichert,  Bau  des 
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Course  of  fibres  from  the  spinal  cord  upwards  through  the  medulla 
oblongata.-As.ummg,  for  convenience  of  description,  the  existence  of  three 
white  columns  of  the  cord,  these  are  disposed  as  follow* 

1.  The  posterior  column,  with  the  exception  of  the  fasdculus  £Md*« 
distinguished  by  the  name  of  processus  cuneatus  and  enters  into  the  forma- 
tin  of  the  restiform  body,  which  ascends  to  the  cerebellum.  The  fasciculus 
cmrilis  ascends  to  the  cerebrum.  , 
^  2  ^  lateral  column  ascends  towards  the  base  of  the  olivary  body,  and 
is  disposed  of  in  three  ways  ;  (1,)  some  of  its  fibres  from  the  surface  and 
Lp  part  io in  the  restiform  body  and  proceed  with  it  to  the  cerebe  lum  ; 


Fig.  351. 


Fig.  351.— Diagrammatic  Kepresenta- 
tion  op  the  Passage  op  the  Columns 
op  the  Medulla  Oblongata  upwards 
and  downwards. 

A,  the  specimen,  which  is  seen  from 
before,  includes  the  medulla  oblongata  and 
the  pons  Varolii,  with  a  small  portion  of 
the  spinal  marrow.  The  left  lateral  column 
(that  to  the  readers  right)  has  been  lifted 
out  of  its  place  to  the  side,  and  the  ante- 
rior and  posterior  columns  of  that  side 
remain  undisturbed  :  the  right  anterior  and 
posterior  columns  have  been  removed,  and 
the  lateral  column  remains  in  its  place. 
The  upper  part  of  the  right  pyramid  is 
removed.  The  transverse  fibres  of  the  pons 
Varolii  have  been  divided  in  circumscribed 
portions  to  different  depths  corresponding 
with  the  several  places  of  passage  of  the 
columns  of  the  medulla. 

P  pons  Varolii,  part  of  the  anterior  sur- 
face' where  it  has  been  left  entire  ;  p,  the 
right  and  left  pyramids,  the  upper  part  of 
the  right  has  been  cut  away  ;  p,  the  fibres 
of  the  left  pyramid  as  they  ascend  through 
the  pons  exposed  by  the  removal  of  the 
superficial  transverse  fibres  ;  f,  placed  on 
+V,  iirlit  side  close  below  the  divided  fibres 
the  deeper  transverse  fibres  of  the  pons  on  the  r>g         ,  ^       ^  und 

of  the  pyramid  ;  «,  left  anterior  ^™V[n£V  the Olivary  column  ;  o,  olivary  body  ; 
fated  part  of  the  anterior  pyramid,  and  into ^  ,    th      h  the  p011s  and 

o>,  the"  continuation  of  the  olivary  column  cendir, |      P  fib        „»  tlie 

exposed  by  the  removal  of  a  small  portion  oi  i  _  ]       ^  column 

same  fibres  divided  by  a  deeper  incision  or * .right  side ^'/^  Jsing  by  decussati0Q 
passing  upwards  into  the  following  parts,  viz.,  > c ,  i ;         v    i  ascending 

Fnto  the  left  pyramid  ;  r,  the  V^^^^^fS^^^  °f  tMs  ^  T 
in  the  back  of  the  fourth  ven tnc lea a'^"0 sfe^e  left  lateral  columndrawn  as.de 
the  ascending  fibres  of  the  poster  01 :  >  {  >  tne  '  and  the  part  to  the  restiform 

from  its  place  in  the  spinal  ^t^J""^™  ^^cu  sation  into  the  right  pyramid  ; 
bodv,  r,  cut  short  ;  x  ,  the  deeper  part  passing  oy  j         f  tlie  spinai  cord  ; 

V  the  pa'*  °f  tbe  restifoi;m  1b°,yftden;e  JIZa  bvtffe r  moval  of  the  lateral  column, 

"^explanatory  outline  of  the  section  of  the  spinal  cord,  a,  anterior  columns;  P, 
posterior ;  I,  lateral. 
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(faisceaux  muomines),  appearing  on  the  back  of  the  pons  Varolii,  in  the 
upper  part  of  the  floor  of  the  fourth  ventricle. 

3.  The  anterior  columns  having  reached  the  apex  of  the  anterior  pyramids 
are  thrust  aside  from  their  median  position  by  the  decussating  fibres  derived' 
from  the  lateral  columns,  and  are  then  distributed  in  three  divisions.  (1,)  A 
very  small  division,  ascends  obliquely  backwards  beneath  the  olive,  and  joins 
the  restiform  body  (Solly).  (2,)  Another  division  passes  directly  upwards, 
its  fibres  embracing  the  olivary  nucleus,  above  which  they  are  again  collected 
together,  and  are  joined  by  other  fibres  arising  from  the  nucleus,  so  as  to 
iomi  the  olivary  fasciculus  ;  this  ascends  through  the  pons  and  at  the  side 
of  the  cerebral  peduncle  under  the  name  of  the^Ze*,  and  reaches  the  corpora 
quadrigemina  and  the  cerebral  hemispheres.  (3,)  The  remaining  division  of 
the  anterior  column  ascends  into  the  anterior  pyramid,  forming  its  outer 
part,  ihe  anterior  pyramids  therefore  are  composed  of  fibres  from  the 
lateral  and  anterior  columns,  and  are  continued  up  through  the  pons  into 
the  peduncles  of  the  cerebrum. 

It  is  to  be  remembered,  however,  that  the  separation  between  these 
different  tracts  of  white  fibres  cannot  be  clearly  followed  out  through  the 
whole  structure  of  the  medulla  oblongata,  but  that  they  are  more  or  less 
blended  with  one  another. 

cornua,  together  with  the  intermedio-Iateral  tract  UZh  hS  K°land°'  ,lhe  anterior 
end  of  the  cord,  vanish  in  the  form  !>f  ♦  ,  '  7-  !■  had  re-aPPear*l  at  the  upper 
and  the  anterio  pyramids  app  aX  oZT  T  g  'tre>k'  ;  and  between  ««m 
^^Vrol^^^^°^^^m^.^  the  system  of 
cornua  make  their  appearance-oTJxtcndin^  ll U  f  h,    *  *  tW°  n™ 

other  into  the  posterior  pyramid  and Tooth  of  th™  in  V™™™*  cuneatus  and  the 
pyramids  increase.  In  the  ne£nWhood  frl ,  w inc,^81n«  1D  Slze  as  posterior 
spring  there  is  seen  in  transve  f sections  a  vZ Zl\  ^  -the  posterior  cor™a 
fascicle  of  Stilling.  In  the  upper  par  of  the  mP  n  u,°f  *hite  fibres' the  ">»»<* 
principally  spread  out  on  thffloor  of  the uS  t  "T.?6  ^ey  matter  is 
2nd,  plates  I.  and  II.)  Ue  t0Ulth  ventncle.    (Reichert,  op.  cit.,  part 

oft°S^  grey  matter  at  the  back 

of  the  spinal  accessory,  vagus  T '  „n  J 3  ^jh  are  connected  with  the  roots 
nuclei,  the  first  or  lowesfi '  SSi7a  ^\''f1t1,ypqBfl2MfI  nerves-  0f  «»« 
those  which  are  situated  higher  Tp  LdualW  Z  ^  °  the  medulla'  *Mtt 
ventricle  as  small  angular  emiLLs  poiSS  7  PPT  m  the  floor  of  fourth 
scriptorius.  The /  A  nucleus  ^^TbSmTf^'^  the  aPe*  °'  calamus 
nerve.  It  reaches  some  way  doVn k I  the c 1  °7  ^  f°r  the  8Pinal  ac«ssory 
ateral  tract.  Above  this  nucleus?and  close  to 'tCJ^ ^j0"'  to  the  ^edS 
the  second,  commencing  higher  D  1?  !  middle  of  the  medulla,  is  another 
roots  of  which,  coming  forward  between iTZZt^  W»al  nerve,  the 
appear  at  the  surface  in  the  depression  betwUr /I  Vyramid  and  t]*  °'ivary  body, 
these  two  nuclei  reach  the  back  of  the  mcdu  h  „  ?  ^  Conti™"g  to  ascend 
the  floor  of  the  fourth  ventricle.    Hieher  nn  *i         ,Gn  make  their  aPPearance  in 

^'gher  up,  the  nucleus  for  the  spinal  accessory 
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nerve  is  succeeded  by  a  third  in  the  same  line,  which  is  connected  with  the  nervus 
vagus,  and  is  also  placed  to  the  outer  side  of  that  for  the  hypoglossus.  Further  out, 
a  fourth  nucleus  begins  to  be  observed,  belonging  to  the  glossopharyngeal  nerve. 
The  last  change  in  the  arrangement  of  these  small  grey  masses  consists  in  the  gradual 

narrowing  of  the  nucleus  of  the  par  va- 
gum,  and  the  approximation  of  those  for 
the  hypoglossal  and  glosso-pharyngeal 
nerves,  which  were  previously  separated 
by  it. 

Fig.  352. — Magnified  Views  op  Trans- 
verse Sections  of  the  Medulla  Ob- 
longata, (after  Lockbart  Clarke,  and 
Reichert).  f 

These  figures  are  to  be  looked  upon  as  in 
part  diagrammatic,  no  attempt  having  been 
made  to  represent  the  natural  difference  of 
colour  in  the  parts.  For  the  most  part, 
however,  the  grey  substance  is  indicated  by 
the  smoother  dark  shading,  and  the  white 
substance  by  distinct  lines. 

A,  represents  a  section  made  at  the 
lower  part  of  the  decussation  of  the  pyra- 
mids ;  B,  one  immediately  below  the 
olivary  bodies ;  C,  one  a  very  short  dis- 
tance below  the  calamus  scriptorius  ;  and 
D,  a  section  in  the  lower  part  of  the  fourth 
ventricle.  The  references  are  the  following 
in  all  the  four  figures  : — 

p,  anterior  pyramids  ;  p',  their  decussa- 
tion ;  o,  olivary  bodies ;  o',  the  radiating 
fibres  proceeding  from  their  interior  ;  r, 
restiform  bodies  and  their  nucleus;  pp, 
posterior  pyramids  ;  R,  raphe  ;  c,  central 
canal  and  substance  surrounding  it ;  tr, 
grey  tubercle  of  Rolando  ;  /,  anterior 
median  fissure  ;  fp,  posterior  median 
fissure  ;  a,  arciform  fibres ;  I,  lateral 
column  ;  I',  larger  cells  and  vesicular  tract 
of  the  lateral  column  ;  CI  a,  anterior  roots 
of  the  first  cervical  nerve  ;  CI^,  posterior 
roots  ;  XII,  hypoglossal  nerve  roots  issuing 
at  the  side  of  the  pyramid ;  XII',  its 
nucleus ;  XI,  XI',  spinal  accessory  nerve 
and  its  nucleus ;  VIII',  nucleus  of  the 
auditory  nerve  according  to  Reichert. 

In  A  and  B,  the  decussation  of  the  pyra- 
mids is  represented;  in  A,  the  anterior 
and  posterior  cornua  of  the  grey  matter 
still  exist  as  in  the  spinal  cord  ;  in  B,  the 
anterior  cornua  are  much  diminished  in 
size,  the  posterior  have  begun  to  pass 
outwards,  and  to  be  converted  into  the 
grey  tubercles,  and  the  intermediate  nuclei 
to  make  their  appearance  between  them  ; 
in  C,  the  central  canal  is  wider  and  ap- 
proaches the  posterior  aspect,  and  the 
olivary  body  appears  between  the  anterior 
pyramid  and  the  lateral  column  ;  in  D,  the 
canal  is  opened  up  in  the  fourth  ventricle, 
and  the  various  grey  nuclei  are  for  the 
most  part  in  the  vicinity  of  its  floor. 

Langcnbeck  and  Forg  maintain  that  the  part  regarded  by  Stilling  as  the  nucleus 
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for  the  glossopharyngeal  nerve  is  really  the  place  of  origin  of  the  greater  root  of  the 
lit  ill  or  trigeminal  nerve. 


Fig.  353. 


Fig.  353. — Transverse  Section 
of  the  Medulla  Oblongata 
(after  Stilling).  £ 

The  section  is  made  at  the  level 
of  the  middle  of  the  olivary  bodies  ; 
the  effect  produced  by  transmitted 
light  is  brought  out  on  the  left- 
hand  side  of  the  figure,  the  half 
to  the  right  being  only  sketched, 
a,  anterior,  and  p,  posterior 
fissure;  6,  anterior  pyramid;  c, 
olivary  body  with  its  corpns 
dentatum  shown  internally;  d, 
grey  tubercle  of  Rolando  in  the 
lateral  Column  ;  e,  the  restiform 
body  and  its  nucleus  ;  /,  nucleus 
of  the  roots  of  the  glossopharyn- 
geal nerve;  g,  nucleus  of  the  pneumo-gastric  nerve  ;  that  of  the  hypoglossal  nerve  • 
Co^ZZ:^*''  8'  roots  of       P^umo-gastrio'nerve  emerging3;"  9,  roots  ol "he 


THE  PONS  VAROLII  AND  CEREBELLUM. 
The  Pons  Varolii,  or  tuber  annulare  (mesocephalon  of  Chaussier,  nodus 
encephali  of  Ran  and  Sommerring),  forms  an  eminence  of  transverse  fibres 
above  and  in  front  of  the  medulla  oblongata,  below  and  behind  the  crura 
cerebri,  and  between  the  lateral  lobes  of  the  cerebellum.  Its  margins  are 
arched  ;  the  superior  much  more  so  than  the  inferior  :  thus,  at  the  sides  its 
transverse  fibres  are  much  more  gathered  together,  and  form  at  the  place 
where  it  passes  into  the  cerebellum  a  narrower  bundle,  which  is  named  the 
CYUS  0f.the  Vellum.    In  the  middle  line  the  pons  presents  a 

Although  the  superficial  fibres  are  transverse  in  their  general  direction 
they  are  not  all  parallel  to  each  other.  The  middle  fibres  pass  dire  t^y 
across,  the  lower  set  ascend  slightly,  whilst  the  superior  fibres,  which  are  the 
most  curved,  descend  obliquely  to  reach  the  crura*  cerebeUi  on  each  side 
and  there  are  also  one  or  more  superficial  bands  of  the  superior  fibres 
which  cross  obliquely  downwards  over  the  middle  and  lower  fibres  and 
completely  conceal  them  at  the  sides.  *  4  * 

In  its  internal  structure  the  pons  consists  of  the  longitudinal  or  peduncular 
fibres  prolonged  upwards  from  the  medulla  oblongata!  of  its  own  transverse 
or  commissural  fibres,  through  which  the  longitudina  fibres  p^s  and  of  a 
large  intermixture  of  <*rev  matter     -rm^a  +t  .  ,     p    »        ot  a 

are  seen  the  prolonged ^^fibreTof  L  »Z  superficial  transverse  fibrea 

continued  into  the  cerebeUum  '  °  ^  ^  SUrfaCe>  are  a11 

to  l^Z^IXrrZt  ^«  fibrf        described  extend* 
preponderating  ;  V^Z^^^^^^^^ 
of  longitudinal  fibres,  and  comprehend L a.t,hird1.layer'consist^g  entirely 
fasciculi  teretes.  comprehending  the  olivary  fasciculi,  and  the 

The  median  septum,  or  rapke,  which  exists  in  the  medulla  oblongata,  is 
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prolonged  throughout  the  whole  height  of  the  pons  in  its  back  part,  but 
becomes  indistinct  iu  approaching  the  front  or  basilar  surface,  except  towards 
its  upper  and  lower  edge,  where  the  superficial  fibres  of  the  poiis  are  mani- 
festly continuous  in  the  median  line  with  these  septal  fibres.  Bundles  of 
white  fibres,  belonging  to  the  same  system,  encircle  the  crura  cerebri  at 
their  emergence  from  the  upper  border  of  the  pons. 

According  to  Foville,  a  few  fibres  from  each  of  the  three  principal  longitudinal 
elements  of  the  medulla  turn  forwards  and  become  continuous  with  the  transverse 
fibres  of  the  pons  ;  and,  in  like  manner,  one  or  more  small  bundles  from  each  of  the 
crura  cerebri  take  a  similar  transverse  course.  (Foville,  op.  cit.,  pi.  II.,  figs.  2  and  3  ; 
pi.  III.,  figs.  5  and  6). 

The  Cerebellum,  hinder  or  after  brain,  consists  of  a  body  and  of  three 
pairs  of  crura  or  peduncles,  by  which  it  is  connected  with  the  rest  of  the 
encephalon.    These  crura  are  named  superior,  middle,  and  inferior. 

Fig.  354. — Outline  op  the  Upper 
Surface  ov  the  Cerebellum.  4 

At  the  upper  part  of  the  figure,  the 
crura  cerebri  and  parts  behind  them 
have  been  cut  through  and  left  in  con- 
nection with  the  cerebellum. 

Ill,  the  third  pair  of  nerves  lying 
upon  the  crura  cerebri  ;  cr,  white 
matter  or  crust  of  the  crura  cerebri ; 
In,  locus  niger  ;  t,  tegmentum  contain- 
ing grey  matter  in  the  upper  part  of 
the  crura;  as,  aqueduct  of  Sylvius  ; 
q,  corpora  quadrigemina,  the  upper 
elevations  divided;  sv,  superior  ver- 
miform process  or  central  folia  of  the 
middle  lobe  of  the  cerebellum ;  Iq, 
lobulus  quadratus ;  ps,  posterior  supe- 
rior lobe  ;  f  k,  horizontal  fissure  ;  pi, 
posterior  inferior  lobe  ;  n,  the  notch 
between  the  hemispheres. 

The  superior  peduncles,  crura  ad  cerebrum  or  processus  ad  testes,  together 
with  the  valve  of  Vieussen3,  a  lamina  stretched  between  them,  connect  the 
cerebellum  with  the  cerebrum. 

The  inferior  pedimcles,  crura  ad  medullam,  are  the  upper  extremities  of 
the  restiform  bodies. 

The  middle  peduncles,  or  crura  ad  pontem,  much  the  largest,  are  the 
lateral  extremities  of  the  transverse  fibres  of  the  pous  Varolii.  They 
connect  together  the  two  halves  of  the  cerebellum  inferiorly. 

All  these  peduncles  consist  of  white  fibres  only  ;  and  they  pass  into  the 
interior  of  the  cerebellum  at  its  fore  part. 

The  cerebellum  is  covered  with  grey  cortical  substauce,  rather  darker 
than  that  of  the  cerebrum.  Its  greatest  diameter  is  transverse,  and 
extends  to  about  three  and  a  half  or  four  inches  :  its  width  from  before 
backwards  is  about  two  or  two  and  a  half  inches  ;  and  its  greatest  depth 
is  about  two  inches,  but  it  is  much  thinner  round  its  outer  border. 

It  consists  of  two  lateral  hemispheres  joined  together  by  a  median  portion 
called  the  vermiform  process,  which  in  the  human  subject  is  distinguishable 
only  as  a  small  though  well-marked  part  below,  named  the  inferior  vermiform 
process,  and  a  mere  elevation  above,  called  the  superior  vermiform  process. 
In  birds,  aud  in  animals  lower  in  the  scale,  this  middle  part  of  the  cerebellum 


Fig.  354. 
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alone  exists  ;  and  in  most  mammals  it  forms  a  central  lobe  very  distinct  from 
the  lateral  portions. 

The  hemispheres  are  separated  behind  by  a  deep  notch.  Superiorly,  the 
median  portion  or  upper  vermiform  process,  though  slightly  elevated,  is  not 
marked  off  from  the  hemispheres,  so  that  the  general  surface  of  the  organ, 
which  is  here  inclined  and  flattened  on  either  side,  is  uninterrupted.  Below, 
the  hemispheres  are  convex,  and  are  separated  by  a  deep  fossa,  named  the 
vallecula,  which  is  continuous  with  the  notch  behind,  and  in  which  the 
inferior  vermiform  process  lies  concealed  in  a  great  measure  by  the  sur- 
roundiug  parts.  Into  this  hollow  tho  medulla  oblongata  is  received  in  front, 
and  the  falx  cerebelli  behind. 


Fig.  355. 


FIg'  355'n^lNPERInR  SDRPA0E  °*  THB  Cerebellum  with  mi  Pons  Varolii  ah» 
Medulla  Oblongata  (from  Sappey  after  Hiischfeld  and  Leve^Re").  § 

vermiform^™6-  2°?  *he  ?erebelIar  hemispheres,  is  below  the  inferior 

peduncular  lob™      6  2 Var0 Ui    7  *'  ihe^^;  5,  flocculus  or  sub- 

cerebellum  ;  9,  medulSnSto  -  10  'll  -a11  ^ ! ,8' middle  Peduncle  of  the 

12,  13,  smaller  and  MeStoZAi.  ™      ^^  °f  ih&         horiz^tal  fissure  ; 
nerve;  16,  para ^emedia    17   a»Sn        ^roi  nevvos;  14,  sixth  pair  ;  15,  facia 
gastric;  ^spinal  accessory'  ■\'itP^SZ£!'  *^h»™*  >  * 

8°me  ^  ^  numerous 

mattered  LiZ  b"  oLltP\      /wrf™  °f  and  white 

smaller'  and  witi    onvolu  on     ^  °?  ^  ^  but  are 

curved  grooves  or  sulci  of  dlfeent  d^Z     ^  ^  * 

^SrLt^nS^a^  th6rat  h°M^e>  divides 
entrance  of  the  middle  peduncles  JS™  ^   14  in  fr°nt  at  the 

the  outer  border  of  ittS^  ST  baCl™d8 
others  proceed  on  both  the  upper  and  u!  ?  ^  fi88Ur6'  mimerous 

curves,  having  their  concaviSlne^  ?  ^ °g  ^  *™lM 

each  other.  All  these  furrows  l  lV  ,  ' ,  "eparatmg  the  folia  from 
many  of  them  coalesce  with  one  another        ?  7  """J  hemisPhere> 

have  even  an  oblique  course  between  then,      "*?  &maller  fUIW>W" 

oecween  the  others.    Moreover,  on  opening  the 
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larger  fissures,  mauy  of  the  folia  aro  seen  to  lie  concealed  within  them,  and 
do  not  reach  the  surface  of  the  cerebellum. 

Certain  fissures,  which  are  deeper  than  the  rest,  and  constant  in  then- 
position,  have  been  described  as  separating  the  cerebellum  into  lobes,  which 
are  named  as  follows  : — 

The  central  lobe,  situated  on  the  upper  surface,  consists  of  about  eight 
folia,  immediately  adjoining  the  anterior  concave  border.  The  superior  and 
anterior  lobe,  sometimes  called  quadrate,  and  the  superior  and  posterior  lobe, 
are  placed  between  the  central  lobe  and  the  great  horizontal  fissure.  On  the 
under  surface  are  seen  successively  the  inferior  posterior  lobe,  the  slender 
lobe,  the  biventral  lobe,  the  amygdala,  and  the  subpeduncidar  lobe  or  fioccidus. 
This  last-named  lobule,  lobxde  of  the  pneumo- gastric  nerve  (Vicq-d'Azyr), 
subpeduncular  lobe  (Gordon),  or  flocculus,  projects  behind  and  below  the 
middle  peduncle  of  the  cerebellum.  It  is  connected  by  a  slender  pedicle  of 
white  fibres  to  the  rest  of  the  hemisphere  ;  but  its  exposed  surface  is  grey, 
and  is  subdivided  into  five  or  six  small  laminse. 


Fig.  356. 


Fig.  356.  Inferior  Surface  of  the  Cerebellum  with  the  Posterior  Medullary 

Velum  (after  Reil  and  Reichert  and  from  nature),  f 

The  medulla  oblongata  has  been  in  great  part  removed  by  a  cut  passing  through  it 
near  the  pons  Varolii ;  the  two  amygdaloid  lobules  have  also  been  removed,  and  the 
medulla  and  pons  Varolii  pulled  downwards  in  order  to  bring  into  view  the  posterior 
medullary  velum. 

ps,  posterior  superior  lobe  of  the  cerebellum  ;  //<,  horizontal  fissure  ;  pi,  posterior 
inferior  lobe;  g,  lobulus  gracilis;  hi,  biventral  lobe;  c,  placed  on  the  folia  which  pass 
across  between  the  hemispheres  of  opposite  sides  ;  p,  pyramid  ;  u,  uvula  ;  n,  placed  in 
the  fourth  ventricle  immediately  below  the  nodule;  pv,  on  each  side,  placed  on  the  cut 
surface  where  the  amygdalce  have  been  removed,  points  by  a  line  to  the  posterior  medullary 
velum  ;  v,  v,  cavity  of  the  fourth  ventricle  within  the  borders  of  the  velum  and  behind 
the  inferior  cerebellar  peduncles  ;  the  cavity  extends  on  each  side  into  the  pedicle  of  the 
flocculus,  /;  m,  section  of  the  medulla  oblongata,  in  which  the  open  condition  of  the 
olivary  capsules  of  grey  matter  is  shown  ;  VI,  sixth  nerves  ;  V,  fifth  nerve-roots,  and 
above  them,  the  facial  and  auditory  roots. 

Within  the  vallecula,  or  on  its  borders,  the  following  parts  are  seen  : — 
Commencing  from  behind,  a  conical  and  laminated  projection,  named  the 
pyramid,  is  first  met  with.  In  front  of  that  is  another  smaller  projection, 
called  the  uvula,  which  is  placed  between  the  two  rounded  lobes  at  the  sides  of 
the  vallecula,  named  the  amygdala. ;  these  terms  having  been  suggested  by 
a  comparison  with  the  parts  so  named  in  the  throat.  Between  the  uvula 
and  amygdalae  on  each  side,  but  concealed  from  view,  is  extended  a  ridge 
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of  grey  matter  indented  on  the  surface,  and  named  the  furrowed  band. 
Still  further  forward  is  the  anterior  pointed  terniination  of  the  inferior 
vermiform  process,  named  the  nodule,  which  projects  into  the  fourth  ven- 
tricle, and  has  been  named  the  laminated  tubercle  (Malacarne).  On  each 
side  of  the  nodule  is  a  thin  white  lamella  of  a  semilunar  form,  which  is 
attached  by  its  posterior  convex  border,  and  is  free  and  concave  in  front. 
The  outer  ends  of  these  lamellae  are  attached  to  the  flocculi,  and  the  inner 
ends  to  the  nodule,  and  to  each  other  in  front  of  that  projection.  The  two 
lamellte  together  constitute  the  posterior  medullary  velum,  which  has  been 
compared  with  the  valve  of  Vieussens, — the  one  being  attached  to  the 
superior  extremity  and  the  other  to  the  inferior  extremity  of  the  middle 
or  vermiform  portion  of  the  cerebellum.  This  posterior  velum  is  covered  in 
and  concealed  by  the  amygdalae,  and  cannot  be  properly  seen  until  those 
lobules  have  been  turned  aside  or  removed. 

The  Fourth  Ventricle. — The  sp  ice  left  between  the  medulla  oblongata  in 
front  aud  the  cerebellum  behind,  is  named  the  fourth  ventricle,  or  ventricle 
of  the  cerebellum. 


Fig.  357. 


Fig.  357. — View  op  the 
Floor  op  the  Fourth  Ven- 
tricle with  the  Posterior 
surface  op  the  medulla 
Oblongata  and  neigh- 
bouring parts  (from  Sappey 
after  Hirschfeld  and  Le- 
veille). 

On  the  left  side  the  three 
cerebellar  peduncles  have  been 
cut  short  ;  on  the  right  side 
the  white  substance  of  the 
cerebellum  has  been  preserved 
in  connection  with  the  supe- 
rior and  inferior  peduncles, 
while  the  middle  one  has  been 
cut  short. 

1,  median  groove  of  the 
fourth  ventricle  with  the  fas- 
ciculi teretes,  one  on  each 
side  ;  2,  the  same  groove  at 
the  place  where  the  white 
striae  of  the  acoustic  nerve 
emerge  from  it  to  cross  the 

floor  of  the  ventricle  ;  3,  inferior  peduncle  or  restiform  body  ;  4,  posterior  pyramid  • 

Sebrum'8  ?  thfjtSt".'  ^STT  Peduncle  °r  P~  *  TereS  ad 
cerebrum,  on  the  right  side  the  dissection  shows  the  superior  and  inferior  neduncles 

r?^mt^AT»  int.° the  white,T of  the  cerebellum ;  TAX 

gemina.  '  ?'  'at6raI  gr°°Ve3  °f  the  crura  cerebri  5  8>  corpora  quadri- 

The  cavity  of  this  ventricle  is  of  a  flat  rhomboidal  shape,  being  contracted 
above  and  below,  and  widest  across  its  middle  part.  The  anterior  extrTm  tv 
of  the  mfenor  venmform  process  projects  into  it  from  behind  andS 
up  it  M  covered  by  the  Vieussenian  valve.     It  is  bounded  lat  rally  byth 

Sylv,n  aqueduct  or  pjM  — 

of  medX  obir  °:fl°°\  °f  f°Urth  Ve"tricle  is  formed  by  the  bade 
of  the  medulla  oblongata  and  pon8  Varolii.    It  is  shaped  like  a  lozenge, 
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truncated  at  its  upper  part.  Below,  it  is  bounded  by  the  diverging  posterior 
pyramids  and  restiform  bodies  surmounted  by  the  ligula.  It  has  already 
been  sufficiently  described  in  connection  with  the  medulla  oblongata. 

The  lining  membrane  of  the  ventricle  is  continuous  with  that  of  the 
ventricles  in  the  interior  of  the  cerebrum,  through  the  aqueduct  of  Sylvius, 
m  which  situation  it  is  marked  by  delicate  rugae,  oblique  or  longitudinal  in 
direction.  At  the  sides  it  is  reflected  from  the  medulla  to  the  cerebellum, 
and  extends  for  a  considerable  distance  outwards  between  the  flocculus  and 
the  seventh  and  eighth  nerves.  At  the  lower  end  of  the  ventricle,  there  is, 
as  was  ascertained  by  Magendie,  a  narrow  orifice  in  the  membrane  by  which 
the  cavity  communicates  with  the  subarachnoid  space. 

Projecting  into  the  fourth  ventricle  at  each  side,  and  passing  from  the 
point  of  the  inferior  vermiform  process  outwards  and  upwards  to  the  outer 
border  of  the  restiform  bodies,  are  two  small  vascular  processes,  which  have 
been  named  the  choroid  plexuses  of  the  fourth  ventricle.  • 


F'£-  358-  Fig.  358.  —Outline  Sketch  of  a  Ver- 

tical Section  of  the  Cerebellum  to 
show  the  Corpus  Dentatum  in  its 
Medullary  Stem.  § 

The  section  has  been  carried  through  the 
left  lateral  part  of  the  pons  so  as  to  divide 
the  superior  peduncle  and  pass  nearly 
through  the  middle  of  the  left  cerebellar 
hemisphere.  The  olivary  body  has  also 
been  divided  longitudinally  so  as  to  expose 
in  section  its  corpus  dentatum. 

cr,  crus  cerebri  ;  /,  fillet;  q,  corpora 
quadrigemiua;  sp,  superior  peduncle  of 
the  cerebellum  divided  ;  mp,  middle 
peduncle  or  lateral  part  of  the  pons  Varolii,  with  fibres  passing  from  it  into  the  white 
stem  ;  av,  continuation  of  the  white  stem  radiating  towards  the  arbor  vitse  of  the  folia  ; 
cd,  corpus  dentatum  ;  o,  olivary  body  with  its  corpus  dentatum  ;  p,  anterior  pyramid. 


Internal  structure  of  the  cerebellum. — The  central  part  is  composed  of 
white  matter  which  sends  out  spreading  and  gradually  thinning  layers  into 
the  interior  of  all  the  laminae,  larger  and  smaller,  of  the  grey  substance 
which  form  a  continuous  covering  on  the  surface.  In  consequence  of  this 
arrangement  of  the  white  and  grey  substances,  sections  of  the  cerebellum 
crossing  the  laminae,  and  dividing  the  grey  and  white  substance  together, 
present  a  beautifully  foliated  or  arborescent  appearance,  named  arbor  vita>. 
This  appearance  is  seen  in  any  vertical  section,  but  it  is  most  perfect  in  that 
which  passes  through  the  median  plane,  where  the  relative  quantity  of  the 
central  white  matter  is  small.  The  foliations  are  arranged  somewhat  pin- 
nately,  the  section  of  each  primary  lamina  having  those  of  secondary  laminae 
clustered  round  it  like  leaflets  on  a  stalk. 

In  the  lateral  hemispheres,  where  the  peduncles  enter,  the  white  matter 
is  more  abundant  ;  and  if  a  section  be  made  through  either  hemisphere  half 
way  between  its  centre  and  the  middle  of  the  vermiform  process,  it  will 
display  a  nucleus  of  grey  matter,  which  is  named  the  corpus  dentatum  of  the 
cerebellum.  This  structure,  very  similar  to  that  already  described  in  the 
olivary  body  of  the  medulla  oblongata,  presents  the  appearance  of  a 
waved  Hue  of  compact  yellowish  brown  matter,  surrounded  by  white  sub- 
stance and  containing  whitish  matter  within.     This  line  is  interrupted  at 
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its  upper  and  inner  part.  In  whatever  direction  the  section  is  carried 
through  the  corpus  dentatum,  this  waved  line  is  seen,  so  that  the  deutate 
body  may  be  described  as  consisting  of  a  plicated  pouch  or  capsule  of  grey 
substance  open  at  one  part  and  inclosing  white  matter  in  its  interior, 
like  the  corpus  dentatum  of  the  olivary  body.  White  fibres  may  be  traced 
from  it  to  the  superior  peduncles  of  the  cerebellum  and  to  the  valve  of 
Vieussens. 


Fig.  359. — View  of  a  Dissection  Fig.  359. 

op  TnE  Fibres  of  the  Medulla 
Oblongata  and  Pons  Varolii 
(from  Arnold),  jj 

b,  the  anterior  pyramid  ;  b',  its 
fibres  traced  upwards  through  the 
pons  Varolii ;  c,  olivary  column  ;  d, 
olivary  body  ;  m,  superficial  trans- 
verse fibres  of  the  pons  on  its  left 
side  ;  m',  the  deeper  transverse 
fibres  of  the  right  side  ;  m",  the 
prolongation  of  these  fibres  as  mid- 
dle peduncle  of  the  cerebellum  • 
p,  q,  their  continuation  into  the 
laminae  and  folia  of  the  cerebellum; 
n,  inferior  peduncle  ;  x,  the  decus- 
sating part  of  the  left  lateral 
column  crossing  to  the  right  ante- 
rior pyramid. 

The  fibres  in  the  primary  lamella:  can  be  traced  continuously  from  the  peduncles  ot 
the  cerebellum.  Upon  these  central  plates  are  laid  other  collateral  lamella,  which 
are  not  connected  with  the  fibres  proceeding  from  the  middle  of  the  cerebellum,  but 
merely  pass  from  one  folium  to  another. 

The  grey  matter  is  not  uniform  throughout  its  whole  thickness,  but  is  composed  of 
two  or  more  layers  differing  in  colour  and  other  characters ; — resembling,  in  this 
respect,  the  cortical  substance  of  the  posterior  convolutions  of  the  cerebrum. 

The  fibres  composing  the  peduncles  of  the  cerebellum  are  arranged  in  its  interior  in 
the  following  manner.  The  middle  peduncles,  which  are  the  most  superficial,  enter 
the  lateral  parts  of  the  cerebellum ;  they  may  be  traced  into  the  folia  of  those  parts, 
and  form  a  large  share  of  each  hemisphere.  The  inferior  peduncles  pass  upwards 
into  the  middle  part  of  the  cerebellum,  in  the  folia  of  which  they  are  distributed, 
especially  in  those  of  the  upper  surface.  The  superior  peduncles,  which  are  placed 
nearest  to  the  middle  line,  are  principally  connected  with  the  folia  of  the  inferior 
vermiform  process  ;  but  a  considerable  number  of  them  pass  into  or  issue  from  the 
grey  capsule  of  the  corpus  dentatum  which  -has  been  already  described. 

A  very  different  account  from  that  which  has  generally  been  received  of  the  course 
and  relations  of  the  tracts  of  nervous  substance  of  the  cerebellum  has  recently  been 
put  forward  by  Luys,  and  deserves  mention  in  this  place.  According  to  the  statement 
of  this  author,  all  the  fibres  of  the  cerebellar  peduncles  arise  from  the  interior  of  the 
corpora  dentata ;  the  cells  of  those  centres  receive  externally  fibres  from  the  laminated 
periphery  of  the  cerebellum,  and  internally  give  origin  to  the  peduncular  fibres  •  the 
fibres  of  he  inferior  peduncles  of  opposite  sides  cross  the  middle  line  and  term  nate 
in  the  interior  of  the  olivary  nuclei  j  and  the  fibres  of  the  superior  peduncles  lTewise 
decussating  in  the  mesial  plane  before  quitting  the  cerebellum,  terminate  n  a  Jrey 
centre  in  the  interior  of  the  tegmentum  of  the  crus  cerebri,  named  by  Luys  the 
superior  olivary  body  He  further  alleges  that  different  fibres  pass  in  a  1  d  ections 
from  the  superior  and  inferior  olivary  bodies,  and  that  thus  the  fibres  of  the  cc  ebe  Z 

^^^Z^iT^ connected, with  the  fibre8  of  the  ^ofSTSSS 

and  fully  corroborated,  before  statement  of  so  Bt^T  T  *  *  i  bT 
accepted.    (Luys,  in  Journ.  de  rAna^df^^^T)  ^  °  """^ 
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Microscopic  Structure.— The  cortical  grey  matter  which  covers  the  foliated  surface 
ot  the  cerebellum  is  made  up  of  the  following  elements,  viz.  :  1.  Pellucid  cells  of 
considerable  size.  2.  Cells,  for  the  most  part  of  large  size,  and  caudate,  having  the 
usual  granular  contents.  These  cells  are  imbedded  in  a  finely  granular  matrix ;  the 
greater  number  of  those  of  the  caudate  kind  have  a  pyriform  shape,  and  are  prolonged 


Fig.  360. — The  Colusins  of  the 
Medulla  Oblongata  traced 
upwards  into  the  cerebellum 
and  Cerebrum  (from  Arnold),  a 

a,  part  of  the  anterior  column 
which  ascends  in  the  olivary  column  ; 
b,  decussating  portion  of  the  lateral 
column  forming  the  pyramid  and 
turned  down  ;  c,  olivary  fasciculus 
ascending  deeply  through  the  pons  ; 
d,  olivary  body  ;  e,  restiform  body ; 
/,  g,  corpora  quadrigemina  ;  c,  h,  i, 
the  fillet ;  h,  the  part  which  ascends 
to  the  cerebral  peduncle ;  i,  the 
part  passing  up  to  the  corpora 
quadrigemina  ;  m,  m',  the  trans- 
verse fibres  of  the  pons  divided  ;  n, 
inferior  peduncle  of  the  cerebellum ; 
o,  septal  fibres  of  the  medulla  oblongata  ;  q,  fibres  of  the  inferior  peduncle  continued 
into  the  lamina?  of  the  cerebellum ;  r,  r,  superior  peduncle  ;  t,  fasciculus  teres ;  u, 
thalamus  ;  V,  corpus  albicans. 


Fig.  361.  Fig.    361.— Minute  Struc- 

ture op  the  Substance 
of  the  Cerebellum  (from 
Kolliker). 

A,  large  cells  from  the 
prey  cortical  substance  of  the 
human  cerebellum.  ?H? 

a,  three  large  cells  exhibit- 
ing granular  contents  and  a 
nucleus  ;  b,  the  internal  pro- 
cesses seen  in  two  of  the 
cells  ;  c,  d,  two  external  pro- 
cesses running  towards  the 
surface  from  two  of  the  cells, 
in  the  third  cell  one  large 
process  only  is  seen  ;  cf,  d', 
ramified  finer  parts  of  these 
processes. 

B,  course  of  the  nerve- 
tubes  at  the  surface  of  the 
cerebellum,  magnified  with  a 
low  power. 

a,  nerve  of  the  medullary 
substance  ;  b,  nervous  plexus 
of  the  substantia  ferruginea  ; 

c,  border  of  that  substance  ; 

d,  fine  fibres  running  out 
from  the  dark-bordered  tubes 
into  the  superficial  grey  sub- 
stance. 

at  their  small  end  into  a  simple  or  branched  appendage,  and  this  process,  as  first 
remarked  by  Purkinje,  is  in  most  of  them  directed  towards  the  surface  of  the 
cerebellum.  3.  Small  bodies  like  cell-nuclei  densely  aggregated  without  any  inter- 
vening substance.    These  lie  at  some  depth  from  the  surface ;  according  to  Todd, 
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they  form  a  thin  light-coloured  lamina,  intermediate  between  two  darker  strata  of 
grey  matter  which  contain  the  nerve-cells;  one  of  these  grey  strata  being  the  deepest 
and  next  the  white  matter  of  the  cerebellum,  while  the  other,  which  is  the  darker 
coloured  of  the  two,  is  in  contact  with  the  pia  mater.  4.  Fibres.  Tubular  nerve- 
fibres  pass  from  the  white  into  the  grey  matter,  and  extend  through  it  nearly  as  far 
as  the  surface.  The  mode  of  their  termination,  which  is  difficult  to  trace,  has  been 
investigated  by  various  anatomists.  According  to  Valentin,  they  form  loops  and 
return  upon  their  course,  but  this  statement  has  not  been  confirmed  bv  other 
observers.  J 

Gerlach  has  recently  described  a  very  remarkable  arrangement  of  the  fibres  of  the 
cerebellum.  According  to  him,  these  fibres,  on  approaching  the  grey  matter  split 
up  into  extremely  fine  divisions,  which  form  a  network,  while  the  granules  which  he 
considers  as  small  cells  with  ramifying  processes,  are  placed  at  the  angles  of  the 
meshes,  and  branching  processes  of  the  large  nerve  cells  also  terminate  in  the  network 
According  to  Kolhker,  networks  of  tubular  fibres  exist  within  the  grey  matter  and 
commun.cate  with  the  nerve-cells,  while  the  granules  belong  to  the  reticulum  of 
connective  issue  Luys,  like  Gerlach,  describes  lateral  processes  as  being  given  off  bv 
he  nerye-nbres  to  connect  them  with  the  granules,  at  the  same  time  that  thev 
terminate  likewise  directly  although  much  attenuated,  in  the  large  nerve-cells 

^;r^Z^^e<  PL  u  %  3;  copied  ia  Virch^'8  "c:£ 


THE  CEREBRUM. 

The  cerehrum,  or  brain  proper,  constitutes  the  highest  and  m,.«T,  « 
argest  portion  of  the  eneephalon.    It  consists  of  tfcfSoW  Z    v  Z 
the  peduncular  masses  of  the  crura  cerebri  and  processus  a  cereSlo  a(l' 
cerebrum  ;  the  series  of  eminences  or  cerebral  centres  nr  L     cerebe^o  ad 
from  view,  named  corpora  quadrigemina,  o^W  Zt^^U 
the  cerebral  hemispheres,  which  are  by  far  the  most  bulky  pari  0 tl t  ' 
brum  and  of  the  whole  eneephalon,  and  form  nearlv  thl J?  i  T ™~ 

part  ;  various  commissural  structures  inSn*  !  wholens»Perncial 
fornix  ;  and  lastly  some  smaller  struct^"  ^ 

bodies,  and  the  olfactory  bulbs.  P        &nd  the  Plfc»itary 
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t  width  bA  „PP0»itethte„  «  «■ 

in  the  greater  part  of  their  extent  by  the  meat  W.W    ,7™  '"W'cd 

Each  cerebral  hemisphere  has  an  ™ft„      ^g'tadinnl  fissnre. 
contact  with  the  ™lt  o,  Z otnium   an  nnerTdlt  Z?  °*  7**  »  *» 
shape,  which  forms  one  side  of  the  lo^X,?  fi  I     *  <!reSce"t 

^surface,  which  rests  on  the  baseTt^j 

middle,  and  posterior  lobes.  The  2 l5  J  Z  ^  Dame8  of  ar«or, 
lobes  is  very  clearly  defined  below  and  on  the  ^  ™d  mid<"« 

the  Sylvian  fissure.     There  is  no  siTdarV  *  ^  cleft>  Mm* 

and  posterior  lobes  ;  but  ^iTZe  lT't™  th°  mi^le 

tenor  lobe  that  part  of  the  hemisphere  wE V 7  as  the  Pos" 

The  under  surface  of  the  anterior  lobe's  ^  ™  the  «™bdlum. 

It  to  the  roof  of  the  orbit  on  which i 2^     an,d„exc^ted  to  adapt 

rests.     The  mlddle  lobe  is  rounded 
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and  prominent,  and  occupies  the  middle  fossa  of  the  skull — the  edge  of  the 
lesser  wing  of  the  sphenoid  bone  corresponding  with  the  Sylvian  fissure. 


Fig.  362.  Fig.  362.— Upper  Sur- 

face of  the  Brain 
showing  the  convo- 
LUTIONS (from  R.  Wag- 
ner). 4 

This  view  was  taken 
from  the  brain  of  a 
famous  mathematician, 
Professor  C.  F.  Gauss, 
who  died  in  1854,  aged 
78.  It  is  selected  as 
an  example  of  a  well- 
formed  brain  of  the 
usual  size  with  fully 
developed  convolutions. 

a,  superior  or  first 
frontal  convolution  ;  a, 
second  or  middle  frontal ; 
a",  third  or  inferior 
frontal ;  A,  A,  anterior 
ascending  parietal  con- 
volution ;  B,  B,  pos- 
terior ascending  parietal 
convolution  ;  6,  first  or 
upper  parietal  convolu- 
tion ;  b',  second  or  mid- 
dle ;  b",  third  or  in- 
ferior ;  c,  first  or  upper 
temporal  convolution  ; 
d,  first  or  upper  occipi- 
tal convolution  ;  d', 
second  or  middle  ;  d", 
third  or  lower;  I,  I,  the 
superior  longitudinal  fis- 
sure ;  r,  the  fissure  of  Rolando  ;  p,  the  external  perpendicular  fissure. 

The  posterior  lobe  is  smooth  and  slightly  concave  on  its  under  surface, 
where  it  rests  on  the  arch  of  the  tentorium. 

It  is  right  to  remark  that  some  anatomical  writers  have  admitted  only  two  lobes, 
reckoning  the  middle  aud  posterior  lobes  as  one,  under  the  name  of  the  posterior 
lobe  •  while  others  more  recently  have  divided  the  middle  lobe  into  two,  an  upper 
and  lower,  and  have  added  that  of  the  island  of  Reil,  so  as  to  make  five  principal 
lobes  in  all.  These  have  been  named  respectively  the  frontal,  parietal,  temporal, 
occipital,  and  central  lobes. 

The  great  longitudinal  fissure,  seen  upon  the  upper  surface  of  the  brain, 
extends  from  before  backwards  throughout  its  whole  length  in  the  median 
plane,  and  thus  separates  the  cerebrum,  as  already  stated,  into  a  right  and 
left  hemisphere.  On  opening  this  fissure,  it  is  seen,  both  before  and  behind, 
to  pass  quite  through  to  the  base  of  the  cerebrum  :  but  in  the  middle  it  is 
interrupted  by  a  large  transverse  mass  of  -white  substance,  named  the 
corpus  callosum,  which  connects  the  two  hemispheres  together.  While  the 
brain  is  in  its  natural  situation,  this  fissure  is  occupied  by  a  vertical  process 
of  the  dura  mater— the  falx  cerebri, — Which  dips  down  between  the  two 
hemispheres,  not  quite  reaching  to  the  corpus  callosum. 

The  Sylvian  fissure,  which  separates  the  anterior  aud  middle  lobes,  passes 
at  first  upwards  and  backwards  in  the  outer  part  of  the  hemisphere,  and 
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divides  into  two  branches,  anterior  and  posterior.  It  lodges  the  trunk  and 
primary  divisions  of  the  middle  cerebral  artery,  and  at  its  commencement 
presents  a  spot  pierced  by  numerous  small  arterial  branches,  and  thence 
named  the  locus  perforatum  anticus. 

The  surface  of  the  hemispheres  is  composed  of  grey  matter,  and  is  moulded 
into  numerous  smooth  and  tortuous  eminences,  named  convolutions  or  ami 
winch  are  marked  off  from  each  other  by  deep  furrows,  called  sulci,  or 
anfractuosities.  1 


Fig.  363. 


Fig.  363.-LAIERAL  W  o,  ™*~*r  Hemisphere  (fro.  Sappey 

convolutions;  5,  ^dJ^Ji^^^  ^tieM''  4'  Union  of  two  frontal- 

similarly  connec ted  Z iS  Ih"  e  the  K  C°7lut,Cm  \ 6>  another  P™etal  convolution 
tion  of  the  fissure  o  Sylvius  8  8  ZrfJSS"  5 /' /•  ,anterior  P^t  of  the  convolu- 
posterior  part ;  10  11  12  It'J'    '        zonta   Par*  of  the  same  convolution;  9,  9 

wsses  down  to  the  bottom  of  |L„       '•  ,  .  P     mater'  1,111011  send»  P">- 

over  ftoir  summit,  aild  lvift0„.  '  JS"-  fr°™  °ne  »»"olution  to  anotlier, 
gene™,!,  from  W,  an  Lltt  Sfc,^  ■  —  « 
is  much  variety  in  different  briin,  ,„  i      i  I     '  1  thls  resPect  there 

those  upon  the"  oute ^erf^t^™*  °f  the  8am*  ^rain  ; 
In  general,  the  depth  of  a  ^Zf^T^  ^  deepe* 

ness,  near  the  summit,  is  somewhat  °  w    !,      ! , thlckness  5  ™d  its  thick- 

Since  the  external  ^^^SS/Kff         thr°Ugh  itS  ha3G' 
surface  of  the  cerebral  hLispWet  betl  f ?  C°"tbuous  ove'  «ie  whole 
upon  the  gyri,  a  far  greater  ££5  of  ^       5  ^  WitWn  the  8ulci  and 
vascular  surface  of  the  pia  mater  witl  8  ?  iS  thllS  exPosed  to  the 

have  been  the  case  had  the  hernial  ^  8126  °f  the  brahl  th™  could 
convolutions.  hemispheres  been  plain  and  destitute  of 

The  general  arrangement  of  the  convolutions  has  been  made  the  subject 
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of  study  by  various  anatomists  in  earlier  and  recent  times,  but  still  re- 
quires farther  elucidation.  An  attempt  to  describe  minutely  all  the  indi- 
vidual gyri  would  be  difficult  and  useless,  owing  to  their  irregularity  in 
different  cases,  and  their  want  of  symmetry  in  the  same  brain.  Nevertheless, 
there  are  some  sufficiently  constant  in  presence,  and  characteristic  in  situa- 
tion and  form,  to  admit  of  being  specially  described  ;  and  it  seems  probable 
that  by  a  sufficiently  careful  comparison  of  the  convolutions  in  different 
animals,  and  the  observation  of  their  development  in  the  foetus,  certain 
general  facts  may  be  ascertained  regarding  them,  tending  to  throw  light 
upon  their  disposition  in  man. 

Fig.  364. 


Fig.  364. — Outline  of  the  Cerebrum  as  seen  from  the  left  side,  showing  the 
Convolutions  as  distinguished  by  Gratiolet.  4 

F,  frontal  lobe  ;  P,  parietal  lobe ;  T,  temporal  lobe  ;  0,  occipital  lobe  ;  R,  R,  fissure 
of  Rolando  ;  s,  s,  fissure  of  Sylvius,  posterior  division  ;  »',  s',  its  anterior  division  ;  C,  at 
tbe  junction  of  the  two,  marks  tbe  place  of  the  central  lobe  or  convolutions  of  tlie  island 
of  Reil  ;  p,  the  place  of  tbe  vertical  or  occipital  fissure  ;  a,  a',  a",  superior,  middle  and 
inferior  frontal  convolutions  ;  a*,  supra-orbital  convolutions  ;  A,  anterior  transverse  or 
ascending  parietal  convolution  ;  B,  posterior  transverse  or  ascending  parietal  convolution  ; 
6,  V,  b,"  upper,  middle  and  lower  parietal  convolutions  ;  c,  c',  c",  upper,  middle  and 
lower  temporal  convolutions  ;  d,  d',  d",  upper,  middle  and  lower  occipital  convolutions  ; 
between  b,  b',  b",  and  d,  d',  d",  are  seen  the  connecting  convolutions ;  between  c  and  c', 
the  parallel  fissure. 

The  Island  of  Eeil  constitutes  the  set  of  convolutions  (gyri  operti)  which 
appear  earliest  both  in  the  foetus  and  in  the  animal  series.  It  is  a 
triangular  eminence,  broken  externally  into  short  radiating  convolutions, 
which  forms  a  delta  between  the  anterior  and  posterior  division  of  the 
fissure  of  Sylvius,  and  is  limited  externally  by  a  deep  sulcus.^  This  mass, 
constituting  the  central  lobe  of  recent  authors,  derives  additional  interest 
from  being  the  centre  round  which  the  principal  convolutions  of  the  cere- 
brum are  arranged.  It  i3  only  brought  into  view  by  laying  open  the  fissure 
of  Sylvius.     (See  Figs.  365,  369,  and  379.) 

The  convolution  of  the  Sylvian  fissure  is  a  very  large  convolution,  which  is 
also  early  in  its  appearance  in  animals.  Commencing  in  front  of  the  inuer 
end  of  the  Sylvian  fissure,  it  takes  a  tortuous  and  much  folded  course  all 
round  that  fissure,  giving  off  numerous  secondary  gyri,  and  terminates  behind 
the  fissure  opposite  the  point  where  it  began. 

The  gyrus  fornicatus,  convolution  of  the  corpus  callosum,  or  internal  con- 
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volution,  is  one  of  the  most  distinct  and  symmetrical  convolutions  in  the 
whole  brain.     Commencing  on  the  under  surface  of  the  brain,  immediately 
before  the  anterior  perforated  space,  it  ascends  a  short  distance  in  front  of 
the  anterior  recurved  extremity  of  the  corpus  callosum,  and  then  runs  back- 
wards immediately  above  that  body,  as  far  as  its  posterior  extremity  :  there 
it  turns  downwards  and  forwards,  embracing  the  cerebral  peduncle,  to  reach 
the  entrance  of  the  Sylvian  fissure.  This  long  convolution,  therefore,  describes 
a  sort  of  arch  or  ring,  open  or  interrupted  opposite  the  Sylvian  fissure,  and 
embracing  the  corpus  callosum  above,  and  the  cerebral  peduncle  below.  It 
thus,  as  was  pointed  out  by  Foville,  forms  a  sort  of  rim  or  border  to  the 
grey  matter,  whence  it  is  named  by  him  convolution  d' outlet.     The  surface 
of  this  convolution,  especially  towards  its  inferior  termination,  is  covered  by 
a  very  thin  cribriform  layer  of  white  substance,  which,  with  the  grey  matter 
beneath,  gives  the  surface  a  mottled  aspect.     This  has  been  called  the  reti- 
culated white  substance. 

The  marginal  convolution  of  the  longitudinal  fissure  is  a  large  convolution 
which  may  be  traced,  more  or  less  indented  or  interrupted  however  in  its 
course,  along  the  line  of  junction  between  the  convex  and  flat  surfaces  of 
the  hemisphere,  forming  the  Hp  of  the  great  longitudinal  fissure.     It  com- 
mences on  the  under  surface  of  the  brain,  in  common  with  the  gyrus 
fornicatus,  and  passing  forwards,  forms  the  inner  border  of  the  triangular 
orbital  surface  of  the  anterior  lobe.     In  this  part  it  is  cleft  longitudinally 
by  a  deep  sulcus,  into  which  the  olfactory  bulb  is  received,  and  which,  it  may 
be  mentioned,  is  developed  at  an  earlier  period  than  the  convolution  itself 
Un  the  front  and  upper  surface  of  the  cerebrum,  this  convolution  may 
generally  be  traced  for  some  distance  along  the  margin  of  the  longitudinal 
hssure,  but  soon  becomes  marked  by  deep  sulci  ;  and,  thus  interrupted,  may 
be  followed  round  the  posterior  extremity,  and  along  the  under  surface  of 
the  hemisphere  forwards  as  far  as  the  point  of  the  middle  lobe,  runnin* 
parallel  for  some  space  with  the  under  portion  of  the  gyrus  fornicatus.  Two 
li   +tS J*^  "terrupt  the  marginal  convolution  are  very  constant 
If  Rokndo  Wlth        fiSSUre  °f  ^  KPP00"*!*,  and  the  fissure 

middle  lobe  of  the  brain  between  the  fascia  dentata  and  the  gyrus  fornicatus 
behbulT"  Cr°SSeS  that  gyniS  °U  the  ™der  -rfS  of  the  brant' 

the  inner  fareTr+rUrUm'  ^  ia  a  h°rizoiital  «>™  ^ng 

reverl  nf  »  +°  hem*SPh,ere-    ™s  figure  is  important  as  forming  the 

reverse  of  the  e  evations  of  the  hippocampi  in  the  interior  of  the  brain  and 

wWg^  -  -  early  period  in  coTecSon 

therefore  rather  to  Jt^Vf^^^  °°S%1 

b^  *■»  vertex  runs  outwards  and 
form  a  V-shaped  line  ^  thfe  ^ht  «d  left  grooves 

characteristic  of  the  form  of  tl  .  1  ■  U  pdenves  lts  importance  from  being 
separating  two  considerable  oonvolulL,  2^  ^  ?™imm™>  au<1 

longitudinal  fissure  to  the  fissure  0fq''  - ^  SUp6ri°r 
to  the  greater  number  of  Simiaj  and  .n-  f,  couvolutions,  peculiar 
man,  constitute  the  anterioT  an d  posterior  V  "  fUll6St  ** 
posterior  ascending  parietal  convolution!  trans^se    or   anterior  and 
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The  vertical  fesui-e  of  recent  authors  crosses  the  marginal  convolution  in  the 
posterior  part  of  the  cerebrum,  extending  slightly  outwards  upon  its  upper  surface 
and  more  deeply  on  its  internal  aspect,  so  as  to  form  a  separation  between  the  so- 
called  parietal  and  occipital  lobes. 

According  to  Foville  the  convolutions  may  be  arranged  in  four  principal  orders, 
founded  in  a  great  measure  on  their  relative  connections  with  the  anterior  perforated 
space,  which,  in  his  estimation,  is  a  part  of  the  highest  importance. 

The  first  order  issues  from  the  perforated  space,  and  consists  of  two  portions.  One, 
large  and  vertical,  is  the  gyrus  fornicatus,  without  its  ascending  secondary  gyri ;  the 
other,  short  and  horizontal,  is  the  slightly-elevated  ridge  which  bounds  the  perforated 
Bpace  in  front  and  on  the  outer  side. 


Fig.  365. 


Fig.  365.— Right  half  of  the  Brain  divided  by  a  Vertical  Antero-Posterior 
Section  (from  various  sources  and  from  nature).  4 
1  great  superior  or  marginal  convolution  ;  2,  convolution  of  the  corpus  callosum  ;  3, 
secondary  convolutions  running  between  this  and  the  preceding  ;  within  the  numbers 
2  2  2  the  corpus  callosum  ;  4,  the  fifth  ventricle  ;  5,  the  third  ventricle  (see  big.  377 
for  a  larger  view  of  these  parts)  ;  5',  pituitary  body  ;  6,  immediately  behind  the  corpora 
quadrigetnina  and  pineal  gland  ;  +,  the  fourth  ventricle  ;  7,  pons  Varolii ;  8,  medulla 
oblongata  ;  9,  cerebellum  ;  the  middle  lobe  showing  the  section  of  the  arbor  vitse  ;  I,  the 
olfactory  bulb  ;  II,  the  right  optic  nerve ;  the  commissure  cut  through ;  III,  the  right 
nerve  of  the  third  pair. 

The  second  order,  also  consisting  of  two  portions,  commences  from  the  horizontal 
portion  of  the  first  order  on  the  limits  of  the  perforated  space.  One  part  corresponds 
with  the  marginal  convolution  of  the  longitudinal  fissure,  as  already  described,  except 
that  part  of  it  on  the  orbital  surface  of  the  anterior  lobe  which  lies  to  the  outer  side 
of  the  olfactory  sulcus ;  the  other  part  is  the  convolution  of  the  Sylvian  fissure. 

The  third  order  consists  of  two  sets,  of  which  one  occupies  the  inner  surface  of  the 
hemisphere,  and  connects  the  gyrus  fornicatus  in  its  whole  length  with  the  marginal 
convolution  of  the  longitudinal  fissure  ;  the  other  set  lies  in  the  Sylvian  fissure,  forms 
the  island  of  Reil,  and  connects  the  short  horizontal  portion  of  the  first  order  with 
the  convolution  surrounding  that  fissure.  _ 

The  convolutions  of  the  fourth  order,  the  largest,  deepest,  and  least  symmetrical  ot 
all  are  quite  detached  from  the  perforated  space,  and  have  no  relation  to  the  hist 
order  of  convolutions.     They  connect  the  two  convolutions  of  the  second  order 
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together,  viz.,  the  marginal  convolution  of  the  median  fissure  and  that  of  the  Sylvian 
assure,  and  occupy  the  outer  or  convex  surface  of  the  cerebral  hemisphere 

Leuret,  by  an  extended  comparison  of  the  brains  of  different  animals',  was  led  to 
divide  mammals  into  fourteen  groups,  according  to  the  disposition  of  the  convolutions 
In  the  lowest  or  simplest  group,  including  the  bat,  mole,  and  rat,  the  Sylvian 
Mure  is  the  only  division  of  the  surface  present,  or  along  with  it  a  few  very  slight 

forS^h^vnJ1!  ?roTr°-a^niTng  thG  f°X  and  d0ff'and  Pleating  in  a  marked 
-fou  exten  al  T™'  ^  reC0gniS63  «k  convolutions 

lour  external,  including  the  superior  marginal  and  that  of  the  fissure  of  Sylvius 

W H  1Serna '  ™'\  thG  suPraorbit^  "d  gyrus  fornicatus.  In  other  gCups 
together  with  various  other  modifications  of  form  by  subdivision  or  by  union  throS 

sassrar the  number  of  the  fundamentai       4ss  £hs 

groVheb^iettPS  °n  ^  °th6r  hand'  Placed  h*  Leuret  in  the 
comLhend^  IT      >  ^penor  transverse  convolutions;  and  in  the  last  group, 

and  a    separatee^ bv^  ^  ^T™  «**»«™  are  two  in  numbeV, 

auu  are  sepaiatecl  by  the  groove,  named  by  Leuret  fissure  of  Rolmdn    ti,o-»  f™„. 

Fig.  366. 


More  recently,  Gratiolet  has  arranged  M«         ,  . 
to  their  most  distinguishing  common ^  Lturefi    '°nS  *ith         d^ail,  according 
externa  surface  of  the  hemisphere  ETdEw  ,W  man  and  the  On  the 

jKmetaZ  above  the  fissure  of  Sylvius  .  °t,  dtb/tlnSul8h«»  Ave  lobes,  viz.,  the  frontal  ami 
cental  behind  it,  and  the  fi3 if"  e vTZSW!*  bcI™ 
frontal  lobe  he  divides  into  an  orbital  and  frnnl^        hbe>  within  the  fissnre.  The 

10atal  Port10^  and  in  the  frontal  portion 
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distinguishes  a  superior,  middle,  and  inferior  tier  of  convolutions.  In  the  parietal 
lobe  are  the  anterior  and  posterior  ascending  convolutions  (convolution  of  Rolando) 
surrounding  the  fissure  of  Rolando,  and  behind  these  a  curved  lobe.  In  the  tcmporo- 
sphenoidal  lobe  are  described  a  superior,  middle,  and  inferior  convolution,  lying 
parallel  to  the  fissure  of  Sylvius.  The  occipital  lobe  presents  also  three  tiers,  but  less 
distinct  than  those  of  the  frontal,  and  besides  these  are  four  convolutions  uniting  the 
occipital  and  parietal  lobes,  named  hy  Gratiolet  plis  de  passage,  or  the  connecting 

convolutions.  ' 

The  internal  surface  of  the  hemisphere  Gratiolet  divides  into  the  fronto-parietal 
lobe  corresponding  in  extent  to  the  frontal  and  parietal  lobes  of  the  external  surface, 
and  limited  behind  by  the  internal  perpendicular  fissure,  the  occipital  lobe  between 
that  fissure  and  the  fissure  of  the  hippocampi ;  and  the  occipito-temporal  lobe, 
including  the  tentorial  surface,  and  extending  outwards  to  the  sphenoido-temporal 

10  It  is  to  be  remarked,  however,  that  the  divisions  and  nomenclature  of  Gratiolet, 
however  useful  they  may  be  for  the  purpose  of  explicit  comparison  of  the  convolu- 
tions of  the  human  brain  with  those  of  the  quadrumana,  the  study  in  which  the 
inventor  has  made  use  of  them,  are  yet  of  a  somewhat  artificial  description,  and  may 
not  be  applicable  to  a  more  extended  comparison  of  the  disposition  of  the  convolu- 
tions among  animals. 

From  Reichert's  plates  it  is  apparent  that  the  internal  perpendicular  fissure  (occi- 
pito-parietal  of  Huxley)  is  the  upper  of  two  branches  into  which  the  fissure  of  the 
hippocampi  divides  posteriorly  in  its  first  development,  and  which  together  with 
that  fissure  constitutes  his  fissura  occipitalis.  The  inferior  branch,  the  posterior 
part  of  the  fissure  of  the  hippocampi,  is  the  calcarine  fissure  of  Huxley. 

Not  only  the  comparison  of  the  brain  of  man  with  those  of  other  animals,  but  like- 
wise the  comparison  of  human  brains  one  with  another  establishes  the  existence  of  a 
relation  between  mental  development  and  the  complication,  size,  and  depth  of  the 
cerebral  convolutions,  and  the  extent  of  the  grey  matter  contained  in  them 

On  the  subject  of  the  cerebral  convolutions  the  reader  may  consult,  in  addition  to 
the  works  of  Arnold,  Tiedemann,  Foville  and  Reichert,  that  of  Leurct  and  Gratiolet, 
"  Anat  Comp.  du  Systeme  Nerveux,  1839-57."  Gratiolet,  "  M6m.  sur  les  Plis 
P.'.robraux  de  l  Homme  et  des  Primates,  1854."  R.  Wagner,  "  Ubcr  die  typ1Schen 
Verschtedcnh.  der  Windungen  der  Hemispharen,"  &c,  Getting.  1860-62.  Huschke 
"Schiidel  Hirn  und  Seele,"  1854  ;  Huxley,  "Brain  of  Ateles  pan.scus,  Proc  of 
Zool  Soc!,  June,  1861;  J.  Marshall,  "  On  the  Brain  of  a  Bush-woman,  and  on  the 
Brains  of  two  Idiots,  &c,"  Trans.  Roy.  Soc.  1863. 

Base  of  the  Cerebrum.— When  the  brain  is  turned  with  its  base  upper- 
most and  the  parts  of  which  it  is  composed  are  allowed  to  fall  slightly 
asunder  by  their  own  weight,  two  considerable  masses,  consisting  of  white 
substance  externally,  are  seen  emerging  together  from  the  fore  part  of  the 
pons  Varolii,  and,  separating  from  each  other  as  they  proceed  forwards  and 
outwards,  to  enter  the  inner  and  under  part  of  the  right  and  left  cerebral 
hemispheres.  These  white  masses,  which  are  marked  on  the  surface  with 
longitudinal  stria,,  and  have  somewhat  toe  appearance  of  large  bundles  of 
fibres,  are  the  peduncles  or  crura  of  the  cerebrum.  Immediately  be  ore 
entering  the  corresponding  hemisphere,  each  is  crossed  by  a  flattened + white 
cord,  named  the  optic  tract,  which,  adhering  by  its  upper  border  to  the 
peduncle,  is  directed  forwards  and  inwards,  and  meets  m  front  with  its 
fellow  of  the  opposite  side  to  form  the  optic  commissure,  from  the  fore  part 
of  which  the  optic  nerves  proceed. 

Limited  behind  by  these  diverging  peduncles,  and  in  front  by  the  con- 
vert." optic  tracts,  is  a  lozenge-shaped  interval,  called  the  interpeduncular 
lace  in  which  are  found,  in  series  from  behind  forwards,  the  posterior  per- 
forated space,  the  corpora  albicantia,  and  the  tuber  cinereum,  from  which 
L  nroloneed  the  infundibulum  attached  to  the  pituitary  body. 

The  posterior  perforated  space  (locus  perforate  posterior)  is  a  deep  fossa 


PARTS  IN  THE  INTERPEDUNCULAR  SPACE. 


537 


situated  between  the  peduncles,  the  bottom  of  which  is  composed  of  greyish 
matter,  connecting  the  diverging  crura  together,  and  named  pons  Tarini. 
It  is  perforated  by  numerous  small  openings  for  the  passage  of  blood-vessels  ; 
and  some  horizontal  white  striae  usually  pass  out  of  the  grey  matter  and  turn 
round  the  peduncles  immediately  above  the  pons. 


Fig.  367. 


Fig.  367. -Base  op  the  Brain  with  toe  Origins  of  the  Cerebrai,  Nerves.  A 
Tins  figure  is  taken  from  an  adult  male  brain  which  had  been  hardened  in  alcohol 

olfactory  bulb  ;  I',  the  tract  divTded  on  the  W^ii  ,lufe.rlor,uV(irmif«»n  process;  I, 
which  it  is  connected  with  the  brain  IT  in  tl.l  ♦  ■ '  V °g  three  white  striffi  by 
optic  nerve  j  the  left  has  been  cut  Stort  '  III  L  Z  ,frforated  SP°*.  "arks  the  right 
pair;  IV,  o'n  the  inner  coTvolutonof^ 

minus  ;  VI,  on  the  pons  Varolii  the  sixth  •  VTT  .  '  ^  fourfch  Pair !  V,  the  trige- 
VIII,  on  the  left  lobe  of  the  cerebelkm  bellv  ufe  ho?"  FT  Var°Hi*  the  Seventh  5 
denotes  the  eighth  pair-  IX  mfT!™  below  horizontal  fissure  and  the  flocculus, 
the  ninth  pair?  X,  o'n  toZg "W^oM  lobe,  denotes 

The  corpora  albicantia  or  mammilkrK  «r„  +  j  , 

front  of  this  fossa,  each  about  th T  ii  of  a \  ,  r°Und  Whlte  eminences  & 
matter,  and  connected  together ^ I  nZ^lC 

The  corpora  albicantia  are  formed  n«  will  i,„  & 
extremities  of  the  fornix;  hence  thev  hav,  ll  T       be  exPlaincd>  by  the  anterior 
x  j  nence  they  have  also  been  named  bulbs  of  the  fornix.  In 
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the  foetus  they  are  at  first  Wended  together,  and  they  become  separated  about  the 
beginning  of  the  seventh  month.  In  most  vertebrate  animals  there  is  but  one  white 
eminence  or  corpus  albicans  in  their  place. 


Fig.  368.  Fig.    368.— View  from 

I  BEFORE  OF  THE  ME- 
DULLA Oblongata, 
Pons  Varolii,  Crura 
Cerebri,  and  other 
Central  Portions  of 

THE  ENCEPnALON. 

On  the  right  side  the 
convolutions  of  the  cen- 
tral lobe  or  island  of  Reil 
have  been  left,  together 
with  a  small  part  of  the 
anterior  cerebral  convolu- 
tions :  on  the  left  side 
these  have  been  removed 
by  an  incision  carried 
between  the  thalamus 
opticus  and  the  cerebral 
hemisphere. 

I',  the  olfactory  tract 
cut  short  and  lying  in  its 
groove  between  two  con- 
volutions ;  II,  the  leit 
optic  nerve  in  front  of 
•the  commissure  ;  II',  the 
right  optic  tract ;  Th, 
the  cut  surface  of  the  left 
thalamus  opticus;  C,  the 
central  lobe  or  island  of 
Reil  ;  Sy,  fissure  of 
Sylvius;  x  x,  locus 
perforatus  anterior ;  e, 
the  external,  and  i,  the 
internal  corpus  genicu- 
latum  ;  h,  the  hypophysis 
cerebri  or  pituitary  body  ; 
tc,  tuber  cinereum  with 
the  infundibulum  ;  a,  one 
of  the  corpora  albicantia  ; 
P,  the  cerebral  peduncle 
or  crus ;  /,  the  fillet  ; 
III,  close  to  the  left 
oculo-motor  nerve  ;  x , 
the  locus  perforatus  pos- 
ticus ;  P  V,  pons  Varolii ; 

V,  the  greater  root  of  the  fifth  nerve  ;  +,  the  lesser  or  motor  root  ;  on  the  right  side 
this  +  is  placed  on  the  Gasserian  ganglion,  and  points  to  the  lesser  root,  where  it  proceeds 
to  join  the  inferior  maxillary  nerve  ;  1,  ophthalmic  division  of  the  fifth  nerve  ;  2,  superior 
maxillary  division  ;  3,  inferior  maxillary  division  ;  VI,  the  sixth  nerve  ;  VII  a,  the 
facial  ;  VII  6.  the  auditory  nerve  ;  VIII,  the  pneumo-gastnc  nerve  ;  VIII  a,  the  glosso- 
pharyngeal ;  VIII  b,  the  spinal  accessory  nerve  ;  IX,  the  hypoglossal  nerve  ;  Ji,  the  floc- 
culus ;  fh,  the  horizontal  fissure  of  the  cerebellum  (Ge)  ;  am,  the  amygdala;  pa,  the 
anterior  pyramid  ;  o,  the  olivary  body  ;  r,  the  restiform  body  ;  d,  the  anterior  median 
fissure  of  the  spinal  cord,  above  which  the  decussation  of  the  pyramids  is  represented  ; 
ca,  the  anterior  column  ;  cl,  the  lateral  column  of  the  spinal  cord  ;  CI,  the  suboccipital 
or  first  cervical  nerve. 

The  tuber  cinereum  is  a  lamina  of  grey  matter  extending  forwards  from 
the  corpora  albicantia  to  the  optic  commissure,  to  which  it  is  attached,  and 
forming  as  afterwards  described,  part  of  the  floor  of  the  third  ventricle, 
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Iri'the  middle  it  is  prolonged  into  a  hollow  conical  process,  the  infundi- 
buluui,  to  the  extremity  of  which  is  fixed  the  pituitary  body. 

The  pituitary  body  or  hypophysis  cerebri,  formerly  called  pituitary  gland, 
from  its  being  erroneously  supposed  to  discharge  ■piiuita  into  the  nostrils,  is 
a  small  reddish  grey  mass,  of  a  somewhat  flattened  oval  shape,  widest  in  the 
transverse  direction,  and  occupying  the  sella  turcica  of  the  sphenoid  bone. 
It  consists  of  two  lobes,  of  which  the  anterior  is  larger,  and  concave  behind, 
where  it  embraces  the  smaller  posterior  lobe.  Its  weight  is  from  five  to  ten 
grains.    In  the  adult  it  is  solid,  and  of  a  firm  consistence. 

The  anterior  lobe  consists  of  two  kinds  of  matter,  one  hard  and  grey,  the 
other,  situated  within,  softer  and  of  a  yellowish  white  colour.  The  posterior 
lobe  is  darker  and  redder  than  the  anterior.    Both  are  very  vascular. 

The  pituitary  body  appears  to  approach  in  structure  to  the  vascular  or  duct- 
less glands,  such  as  the  thyroid  and  suprarenal  bodies,  &c.  According  to  Sharpey's 
observations,  with  which  those  of  subsequent  writers  agree,  it  differs  greatly  in 
structure,  at  least  in  its  anterior  and  larger  lobe,  from  any  other  part  of  the  ence- 
phalon.  The  substance  of  the  anterior  lobe  appears  to  be  constituted  by  a  mem- 
branous tissue  forming  little  round  cavities  or  loculi,  which  are  packed  full  of  nu- 
cleated cells.  The  loculi  are  formed  of  transparent,  simple  membrane,  with  a  few 
fibres  and  corpuscles  resembling  elongated  cell-nuclei  disposed  round  their  walls 
the  cells  contained  in  the  cavities  are  of  various  sizes  and  shapes,  and  not  unlike 
nerve-cells  or  ganglion  globules;  they  are  collected  into  round  clusters,  filling  the 
cavities  and  are  mixed  with  a  semi-fluid  granular  substance.  This  thin  granular 
matter,  together  with  the  cells  and  little  specks  of  a  clear  glairy  substance  like 
mucus,  can  be  squeezed  from  the  cut  surface,  in  the  form  of  a  thick,  white,  cream-like 

In  the  foetus  the  pituitary  body  is  proportionally  large,  and  contains  a  cavity 
which  communicates  through  that  of  the  infundibulum,  with  the  third  ventdclc 

nsr* present' and  has  the — *•  £-» 

In  the  middle  line  of  the  base  of  the  brain,  in  front  of  the  optic  commis- 
W     ant+e1n0r1  P°rtiof  of  the  great  longitudinal  fissure,  which  passes 
l™bet"?e  tennspheres.    At  a  short  distance  in  front  of  the  com- 
"tST*  TV*  CrOS8ed  tlaTlsve^ely  by  a  white  mass,  which  is  the 

anterior  recurved  extremity  of  the  corpus  callosum.  On  gently  turning  back 
the Mjptao  comxmssure,  a  thin  connecting  layer  of  grey  substance,  the  fmina 
cmerea,  is  seen  occupying  the  space  between  the  corpus  callosum  and  the 
commissure  and  continuous  above  the  commissure  with  the  tuber  cinel  m 

pC0n7ed  at  th«81'  68  With  the  ««y  ^stance  of  the  anterior  pS 
space,  and  forms  part  of  the  anterior  boundary  of  the  third  ventricle Tit  i 

The  grey  surface  of enrbT  J     ?      the  bram  Watl1  wllich  **  lies, 
band,  wficyb  ^^K^  of  thSSed  1^  a  1'^ 
corpus  callosum  in  front,  backwards  Zl?   \      ^   ,"Dder  SUrface  of  iho 
lamina  cinerea  towards  the  Z™t  ^  the  *6*  °f  the 

the  two  sides  are  named  the  peduncles  of  thf *  TbeBe  ^  °f 

When  the  entire  encephabnt  lwel  from7T     \7T  \ 

t>        i«j  viewed  trom  below,  the  back  part  of  the 

n  n  2 
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under  surface  of  the  cerebrum  is  concealed  by  the  cerebellum  and  the  pons 
Varolii.  If,  however,  these  parts  be  removed,  it  will  be  seen  that  the  two 
hemispheres  of  the  cerebrum  are  separated  behind  as  they  are  in  front,  by 
the  descent  of  the  great  longitudinal  fissure  between  them,  and  that  this 
fissure  is  arrested  by  a  cross  mass  of  white  substance,  forming  the  posterior 
extremity  of  the  corpus  callosum.  This  posterior  part  of  the  great  longi- 
tudinal fissure  is  longer  than  the  anterior  portion. 

INTERNAL  PARTS  OF  THE  CEREBRUM. 

The  anatomy  of  the  interior  of  the  cerebrum  is  most  conveniently  studied 
by  removing,  after  the  manner  of  Vieussens  and  Vicq-d'Azyr,  successive 
portions  of  the  hemispheres  by  horizontal  sections,  beginning  from  above. 


Fig.  3G9. 


Fig.  3C9. — View  of  the  Corpus  Callosum  from  above  (from  Sappey  after  Foville).  i 

The  upper  surface  of  the  corpus  callosum  has  been  fully  exposed  by  separating  the 
cerebral  hemispheres  and  throwing  them  to  the  side  ;  the  gyrus  fornicatus  has  been 
detached,  and  the  transverse  fibres  of  the  corpus  callosum  traced  for  some  distance  into 
the  cerebral  medullary  substance. 

1,  the  upper  surface  of  the  corpus  callosum  ;  2,  median  furrow  or  raphe  ;  3,  longi- 
tudinal striae  bounding  the  furrow  ;  4,  swelling  formed  by  the  transverse  bands  as  they 
pass  into  the  cerebrum  ;  5,  anterior  extremity  or  knee  of  the  corpus  callosum  ;  6,  pos- 
terior extremity  ;  7,  anterior,  and  8,  posterior  part  of  the  mass  of  fibres  proceeding  from 
the  corpus  callosum  ;  9,  margin  of  the  swelling  ;  10,  anterior  part  of  the  convolution  of 
the  corpus  callosum  ;  11,  hem  or  band  of  union  of  this  convolution  ;  12,  internal  con- 
volutions of  the  parietal  lobe  ;  13,  upper  surface  of  the  cerebellum. 

The  first  horizontal  section,  to  be  made  about  half  an  inch  above  the 
corpus  callosum,  displays  the  internal  white  matter  of  each  hemisphere, 
speckled  with  red  spots  where  its  blood-vessels  have  been  divided,  and  sur- 
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rounded  on  all  sides  by  the  grey  matter  which  is  seen  to  follow  closely 
the  convoluted  surface,  and  to  be  of  uearly  equal  thickness  at  all  points. 
This  white  central  mass  in  each  hemisphere  was  named  by  Vicq-d'Azyr 
centrum  ovale  minus.  On  separating  the  remaining  portions  of  the  two 
hemispheres  from  each  other,  two  sulci  are  seen  to  exist  between  the  corpus 
callosum  and  the  gyri  immediately  in  contact  with  it,  viz.,  the  gyrus 
fornicatus  of  each  side.  These  sulci  were  distinguished  by  the  older  anatomists 
as  ventricles  of  the  corjws  callosum. 

Another  section  being  made  at  the  level  of  the  corpus  callosum,  the 
white  substance  of  that  part  is  seen  to  be  continuous  with  the  internal 
medullary  matter  of  both  hemispheres  :  and  the  large  white  medullary  mass 
thus  displayed,  surrounded  by  the  border  of  cortical  substance,  constitutes 
what  is  generally  described  as  the  centrum  ovale  of  Vieussens. 

The  corpus  callosum  or  great  commissure  (trabs  cerebri)  is  a  white  struc- 
ture, with  a  length  not  quite  half  of  that  of  the  brain,  and  approaching 
ibout  two-fifths  nearer  to  the  front  than  the  back  of  the  hemispheres.  It 

Fig.  370. 


Fig.  370. — Horizontal  Section  op  tt»i? 

the  Fifth  Ventricle  opened  (from  Sappe^  aft™  AND 

swelling  of  the  corpus  callosum  ;  6?m  ddlc DS of  'thi'  fh°n.Eonta'  Bec}10D  of  «>e  posterior 
from  the  corpus  callosum;  6,  posterio  rl 2r °^!,fornf,x' .wher(Te  !*  h^  been  separated 
descending  in  the  middle  cornu  ;  8,  eiSent  j  Ll  ♦  ^  ''    '  hiPP0CamP™  ™jor 

10,  choroid  plexus  ;  11,  tamia  iAEfiS  fs^^*  ^  °f  ^ 
is  about  an  inch  in  width  hpln'rwl  o„  i 

thickness  is  greater  at the  entrant  T™^  MnOW8r  in  Its 

me  enas  than  m  the  middle,  and  is  greatest  behind, 
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where  it  is  nearly  half  an  inch.  It  is  arched  from  before  backwards.  Its 
upper  surface  is  distinctly  marked  by  transverse  furrows,  which  indicate 
the  direction  of  the  greater  number  of  its  fibres.  It  is  also  marked  in  the 
middle  by  a  slight  longitudinal  groove,  the  raphe,  which  is  bounded  laterally 
by  two  white  tracts,  placed  close  to  each  other,  named  strice  longitudinales, 
or  nerves  of  Lancisi.  On  each  side,  near  the  margin,  are  seen  other 
longitudinal  fines  (striae  longitudinales  laterales)  occasioned  by  a  few  scanty 
white  fibres. 

In  front,  the  corpus  callosum  is  reflected  downwards  and  backwards, 
between  the  anterior  lobes,  forming  a  bend  named  the  genu.  The  inferior 
or  reflected  portion,  which  is  named  the  rostrum,  becomes  gradually  nar- 
rower as  it  descends,  and  is  connected  by  means  of  the  lamina  cinerea  with 
the  optic  commissure.  It  also  gives  off  the  two  bands  of*white  substance, 
already  noticed  as  the  peduncles  of  the  corpus  callosum,  which,  diverging 
from  one  another,  run  backwards  across  the  anterior  perforated  space  on 
each  side  to  the  entrance  of  the  Sylvian  fissure. 


semiciiculaiis  ;  y,  eminentia  collaterals. 


Fig.  371. — The  Lateral 
Ventricles  opened  by 
a  Horizontal  Section, 
and  the  Middle  Cornu 
exposed  on  the  right 

SIDE.  2 

a,  b,  anterior  and  pos- 
terior parts  of  the  great 
longitudinal  fissure  ;  c, 
section  of  the  anterior  part 
of  the  corpus  callosum  ;  d, 
posterior  part  of  the  same  ; 
e,  the  left  choroid  plexus  ; 
/,  the  fornix  ;  g,  the  an- 
terior, h,  the  posterior, 
and  q,  the  descending 
cornu  of  the  lateral  ven- 
tricle ;  k,  k,  corpora 
striata  ;  I,  I,  optic  tha- 
lam  i  ;  n,  n,  right  and  left 
hippocampus  minor ;  o, 
posterior  pillar  of  the  for- 
nix ;  v,  the  corpus  fimbri- 
atum  into  which  it  passes  ; 
q,  cornu  ammonis  or  pes 
hippocampi ;  h,  the  medul- 
lary substance  of  the  cere- 
bral hemisphere  ;  r,  part 
of  the  cortical  substance 
showing  alternate  grey  and 
white  matter  ;  s,  s,  taenia 


Behind,  the  corpus  callosum  terminates  in  a  free  thickened  border  (bour- 
relet,  pad),  the  under  surface  of  which  is  also  free  for  a  short  distance 
forwards. 

The  under  surface  of  the  corpus  callosum  is  connected  behind  with  the 
fornix,  a  structure  to  be  presently  described,  and  in  the  rest  of  its  length 
with  the  septum  lucidum,  a  vertical  partition  between  the  two  lateral  ven- 
tricles. 
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Although  it  presents  a  few  longitudinal  white  fibres  on  its  surface,  the  corpus  cal- 
losum  consists  almost  entirely  of  fibres  having  a  transverse  course  towards  each  side, 
and  spreading  in  a  radiating  manner  into  the  substance  of  the  two  hemispheres.  As  the 
transverse  fibres  from  the  anterior  and  posterior  lobes  of  the  cerebrum  are  necessarily 
aggregated  in  large  numbers  near  the  corresponding  ends  of  the  corpus  callosum,  its 
greater  thickness  at  those  points,  in  comparison  with  the  rest  of  its  extent,  is 
accounted  for ;  and  since  the  posterior  lobe  reaches  further  beyond  the  corpus  callo- 
sum than  the  anterior,  the  greater  thickness  behind  is  also  explained. 

Lateral  Ventricles,  or,  ventriculi  tricornes. — By  dividing  the  fibres  of 
the  corpus  callosum  in  a  longitudinal  direction  at  a  short  distance  on  each 
side  ^  of  the  middle  line,  and  about  midway  between  the  two  ends  of  the 
hemispheres,  an  opening  is  made  into  the  right  and  left  lateral  ventricles  of 
the  brain.  These  ventricles  form  part  of  the  general  ventricular  space 
within  the  cerebrum  ;  they  are  serous  cavities,  and  are  lined  by  a  delicate 
epitheliated  structure,  the  ependyma  ventriculorum,  which  at  certain  parts  in 
the  adult,  and  probably  throughout  its  whole  extent  in  the  foetus,  is  pro- 
vided with  cilia.  In  the  natural  state,  the  walls  of  the  ventricles  are  moist- 
ened internally  with  a  serous  fluid,  which  sometimes  exists  in  considerable 
quantity,  even  in  a  healthy  brain. 

It  was  formerly  a  subject  of  dispute  whether  the  lining  of  the  ventricles  consisted 
of  epithelium  only,  or  also  of  a  membrane.  The  progress  of  the  histology  of  the 
brain  has  solved  the  problem  in  a  manner  which  leaves  the  disputants  on  both  sides 
partially  in  the  right.  It  is  now  recognised,  that  a  peculiar  form  of  connective  tissue  is 
found  throughout  the  substance  of  the  brain,  similar  to  that  which  has  been  described  in 
the  spinal  cord  A  layer  of  this  substance,  unmixed  with  nerve  tissues,  but  in  direct 
continuity  with  the  interstitial  web,  and  not  a  distinct  membrane,  supports  the 
epithelium.  It  is  of  the  same  nature  as  the  substance  immediately  surrounding  the 
central  canal  o  the  spinal  cord,  and  is  named  by  Virchow  neuroylia  (Virchows 
Cellular  Pathology,"  by  Chance,  p.  273). 

hpint6  /°rm,0f  ^he  epithelial  cells  appears  to  vary  in  different  parts,  these  cells 
le  f,nf  °nl,,nS  \l  KdDite,  of  the  flat  pavement  kind  in  the  third  ventricle,  and 

aqueduels  ^Ivu  t0  Gerlach>  C*Unddcal  *  the 

From  the  central  part  or  body  of  each  lateral  ventricle  the  cavity  is 
extended  into  each  of  the  three  lobes  of  the  hemisphere,  thus  forming 
an  anterior,  a  posterior,  and  a  middle  or  descending  cornu. 
is  Ien\Sl°f  6aCh  !ate^  ve»tricle  is  «x*d  ^  by  the  corpus  callosum,  and 

which  de       fT     «       W  ^  a  VertiCal  Partiti°n'  the  sePtum 

which  descends  from  the  corpus  callosum  to  the  fornix.     In  the  floor  of  the 

ventricle  there  is  seen  most  posteriorly  one  half  of  the  fornix,  whtch  is  a 

thin  layer  of  white  brain-substance,  broad  behind  and  narrowTu  front 

?pH££&i &rSeon1hichft^e7e^  *™ 
anterior  to  the  choroid FjSxTfc  iL^ fornix  "at.  :  external  and 
thalamus,  appearing  from  W^tt  - "f.0***  Part  of  optic 
is  the  cordis  striLm     Z  h.U      °^8lde  and  ^  ^t  of  the  thalamus 

band,  theLiiasemiTrc'ulart  *  ^  tW°  ^  *  a  narr0w  flat 

The  anterior  cornu  is  th«  Vilinrl  • 
jecting  .  little  way  iQt80  \t  a„  eri:r  0rTm,tyOf'I!er'ri0le'  pr°- 
callosiun,  and  turn,  forward,  ami  0Th.   a         t  "  C0™Ki  b?  tio  °°n>™ 
of  the  corpus  .triatan,  dtc dinf  i"?^""  *»  «*«*r 

that  body,  and  in  front  by  the  related  b°Un<i8d  beWnd 

The  mMU  or  ^  -n^^^S  ^ 
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thalamus,  which  appears  in  its  cavity  and  forms  its  anterior  boundary, 
while  its  remaining  boundaries  are  formed  by  the  hemisphere.  At  its  com- 
mencement it  is  directed  backwards  and  outwards,  then  passing  downwards 
with  a  sweep,  it  curves  forwards,  and  at  its  extremity  has  a  marked  inclina- 
tion inwards.  The  principal  object  seen  upon  the  floor  of  this  cornu  is  the 
hippocampus  major  (pes  hippocampi,  or  cornu  ammonis),  a  large  white 
eminence  extending  the  whole  length  of  the  cornu.  The  hippocampus 
major  becomes  enlarged  towards  its  anterior  and  lower  extremity,  and  is 
indented  or  notched  on  its  edge,  so  as  to  present  some  resemblance  to  the 
paw  of  an  animal,  whence,  no  doubt,  its  name  of  pes  hippocampi.  The 
white  fibres  of  its  surface  are  directed  obliquely  backwards  and  outwards 
across  it  :  they  form  only  a  thin  smooth  layer,  and  beneath  them  is  cineritious 
matter  continuous  with  that  of  the  surface  of  the  hemisphere.  Along  the 
inner  edge  of  this  eminence  is  seen  a  narrow  white  band,  named  corpus 
Jimbriatum  or  taenia  hippocampi,  which  is  prolonged  from  the  fornix  ;  to  the 
inner  side  of  the  tcenia  is  a  part  of  the  choroid  plexus,  and  next  to  that  the 
back  of  the  optic  thalamus.  This  cornu  differs  from  the  others  in  respect 
that  it  is  not  a  mere  cul-de-sac,  but,  by  the  mere  separation  of  the  mem- 
branes, can  be  made  to  communicate  in  its  whole  length  with  the  surface 
of  the  brain  by  the  fissure  through  which  the  choroid  plexus  enters. 

Fig.  372. — A  Deep  View  op 
the  Lateral  Ventricles 
and  their  cornua  with  the 
Velum  Interposititm.  4 

The  fornix  has  been  divided 
near  its  anterior  pillars  and 
turned  back,  c,  the  anterior 
part  of  the  corpus  callosum 
divided ;  e,  the  lyra  on  the 
lower  surface  of  the  corpus 
callosum  and  fornix  ;  /,  ante- 
rior pillars  of  the  fornix  divided 
(these  are  represented  of  too 
large  a  size)  ;  g,  anterior,  and 
h,  posterior  cornu  of  the  lateral 
ventricle  ;  h,  I;  corpora  striata  ; 
q,  pes  hippocampi  in  the  lower 
part  of  the  middle  cornu  ;  r,  r, 
thalarai  optici ;  s,  s,  teenia  se- 
micircularis  ;  t,  t,  choroid 
plexus  ;  v,  velum  interpositura  ; 
x,  x,  posterior  pillars  of  the 
fornix;  yt  eminentia  collate- 
ralis. 

The  posterior  cornu  pro- 
jects backwards  into  the 
substance  of  the  posterior 
lobe.  •  At  its  extremity  it 
is  pointed,  and  directed  inwards.  On  the  inner  side  of  its  floor  is  a  curved 
and  pointed  longitudinal  eminence,  named  hippocampus  minor,  ergot,  or 
calcar  avis  ;  and  at  the  junction  of  the  posterior  with  the  descending  cornu, 
between  the  hippocampus  major  and  minor,  is  a  smooth  eminence,  named 
eminentia  collateralis,  or  pes  accessorius. 

The  hippocampus  minor  is  only  the  convex  side  of  the  fold  which  forms 
the  calcarine  sulcus,  and  part  of  the  sulcus  of  the  hippoca  mpi  ;  and  in  like 
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manner  the  emiaentia  collaterals  corresponds  with  the  posterior  branch  of 
the  fissure  of  Sylvius. 

As  some  discussion  has  recently  taken  place  in  this  country  with  regard  to  the 
value  of  the  presence  of  the  hippocampus  minor  in  man,  as  a  distinctive  character  of 
the  human  brain,  it  may  be  well  to  mention  that  this  structure  has  been  found  even 
in  the  brains  of  quadrumana  which  do  not  belong  to  the  highest  group     In  the 

man  subject  the  posterior  cornu  varies  greatly  in  size,  and  the  hippocampus  minor 
is  still  more  variable  in  its  development,  being  sometimes  scarcely  to  be  recognised, 
and  at  others  proportionally  large.  It  is  usually  most  developed  where  the  posterior 
cornu  is  longest :  but  length  of  the  posterior  cornu,  and  prominence  of  the  hip- 
pocampus minor,  by  no  means  occur  in  proportion  to  the  dimensions  of  the  hemi- 
sphere, but  rather  seem  to  be  associated  with  thinness  of  both  the  medullary  and 
cortical  substance. 

The  septum  lucidum  is  a  thin  translucent  partition,  placed  between  the 
two  lateral  ventricles.  It  extends  vertically  between  the  corpus  callosum 
above,  and  the  anterior  part  of  the  fornix  below  ;  and  as  the  latter  sinks 
clown  in  front  away  from  the  corpus  callosum,  the  septum  is  deep  before 
and  narrow  behind.  Anteriorly  it  lies  in  the  hollow  of  the  bend  of  the 
corpus  callosum,  in  front  of  the  fornix. 

The  septum  lucidum  is  double,  being  composed  of  two  distinct  laminae 
having  an  interval  between  them,  which  contains  fluid  and   is  lined 
by  an  epitheliated  membrane.    This  is  the  fifth  ventricle,  ventricle  of  the 
septum,  or  Sylvian  ventricle. 

Each  of  the  laminae  of  the  septum  which  form  the  sides  of  the  fifth  ven- 
tricle, consists  of  an  internal  layer  of  white  substance  and  an  external  layer 
of  grey  matter.  J 

In  the  human  embryo,  and  also  in  some  animals,  the  cavity  of  this  ventricle  com 
mumcates  with  that  of  the  third  ventricle  in  front  and  below ;  but  in  the  adult  human 
brain  it  forms  a  separate  and  insulated  cavity.    Tarin  described  a  small  fissure  in  it 

S&JMSB.*  ^  ^        18  ™L    In  *-  *  »  -etimcs1 

The  fornix  is  an  arched  sheet  of  white  longitudinal  fibres,  which  appears 
partly  m  the  floor  of  both  lateral  ventricles.  It  consists  of  two  lateral 
halves,  which  are  separated  from  each  other  in  front  and  behind  but 
between  those  points  are  joined  together  in  the  mesial  plane.  The  two 
parte  in  front  form  the  anterior  pillars  of  the  fornix  ;  the  middle  conjoined 
part  is  named  the  body  ;  and  the  hind  parts,  which  are  again  separated  from 
each  other,  form  the  posterior  pillars.  separated  trom 

The  body  of  the  fornix  is  triangular  in  shape,  beW  broad  fl  *+  j 
behind,  where  it  is  connected  with  fhe  under  surface Z^t^t^oZ" 
and  narrower  in  front  as  it  dips  down  to  leave  that  hndt  «  ' 
between  them  being  filled  up  by  the  septum  lucidum     Its'lTte^l  V* 

EM^-""*  *  ^r  surtetrte1^ 

slig^ar^  ^  ^  descend, 

sides  of  the  third  ventricle  bel^»„ T         1>">ntity  of  grey  matter  on  the 
wards  as  they 

npon  itself,  making  a  twisted  loor wmol,  £       V,      T  ^  °rus  turns 
corpns  albican,  of  its  own  side  and  a      ?  .     th"  »Ute  P^ion  of  the 
optic  thalamns.    These  omra  are  £LXS?£j?~  f  ?*r~  °f 
gland,  and  with  the  taenia  semicircular?!, 
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Immediately  behind  the  anterior  pillars,  where  they  descend,  the  fornix 
which  further  back  rests  upon  the  optic  thalami,  the  velum  interpositum 
alone  intervening,  has  an  interval  on  each  side  left  between  it  and  the 
groove  where  the  optic  thalamus  and  corpus  striatum  meet.  This  interval 
leads  from  the  lateral  ventric'e  to  the  third  ventricle,— the  space  between  the 
thalami  and  beneath  the  velum  interpositum.  The  openings  of  opposite 
sides,  passing  downwards  and  backwards,  meet  in  the  middle  line  below, 
and  thus  is  produced  a  passage,  single  below,  but  dividing  into  two 
branches  above  somewhat  like  the  letter  Y,  and  forming  a  communication 
between  the  third  ventricle  and  both  lateral  ventricles.  This  passage  is 
named  the  foramen  of  Monro,  or  foramen  commune  anterius. 


Fig.  373. 


Fig.  373,  A. — Lower  and  Back  Part  op  the 
Cerebrum  op  tbe  Left  Side,  showing  thk 
Posterior  and  Middle  Cornua  op  thk 
Lateral  Ventricle  opened  (altered  from 
Hirschfeld  and  Leveille).  | 

1,  1',  inner  convolution  of  the  temporal  lobe 
turning  round  into  the  convolution  of  the  gyrus 
fornicatus,  and  showing  on  its  surface  the 
reticulated  structure ;  2,  cut  surface  of  the 
cerebral  hemisphere  ;  3,  point  of  the  posterior 
cornu  of  the  lateral  ventricle  ;  3',  eminentia 
collateralis  ;  4,  cut  surface  of  the  lower  and 
back  part  of  the  corpus  callosum  divided  near 
the  middle  ;  4',  placed  on  the  extension  of  the 
corpus  callosum  into  the  cerebral  hemisphere, 
points  by  a  line  to  the  hippocampus  minor  in 
the  posterior  cornu  ;  5,  cut  edge  of  the  posterior 
pillar  of  the  fornix  passing  down  at  5',  into 
the  hippocampus  major  and  corpus  fimbriatum; 
C,  continuation  of  the  corpus  fimbriatum  or 
taenia  hippocampi  ;  6',  pes  hippocampi;  7, 
fascia  dentata  on  the  inside  of  the  white  sub- 
stance of  ihe  tenia. 

Fig.  373,  B.— Section  op  tiie  Hippocampus 
Major  to  snow  the  arrangement  of  the 
Grey  and  White  Substance  (from  Mnyo). 

a,  white  layer  on  the  Surface  of  the  hippo- 
campus ;  6,  grey  substance  which  is  involuted 
from  the  surface  of  the  neighbouriugconvolution  ; 
c,  fascia  dentata ;  d,  white  reticulated  sub- 
stance of  the  lower  part  of  the  gyrus  fornicatus ; 
e,  cavity  of  the  lateral  ventricle. 


The  posterior  crura  or  pillars  of  the 
fornix  are  the  diverging  continuations 
backwards  of  the  two  flat  lateral  bands 
of  which  the  body  is  composed.  At 
first  they  adhere  to  the  under  surface  of  the  corpus  callosum,  then  curving 
outwards,  each  cms  enters  the  descending  cornu  of  the  corresponding 
lateral  ventricle,  and  is  prolonged  as  a  narrow  band  of  white  matter,  named 
taenia  hippocamjri  or  corpus  fimbriatum,  which  is  situated  on  the  inner 
margin  of  the  hippocampus  major,  and  extends  to  the  extremity  of  that 
structure. 

On  examining  the  under  surface  of  the  fornix  and  corpus  callosum,  there 
is  seen  posteriorly  the  thickened  border  or  pad,  and  in  front  of  it  the  diverging 


TRANSVERSE  FISSURE  OF  THE  CEREBRI  . M. 


547 


halves  of  the  fornix,  between  which  a  triangular  portion  of  the  corpus 
callosum  appears,  marked  with  transverse,  longitudinal,  and  oblique  lines. 
To  this  part  the  term  lyra  has  been  applied. 

The  transverse  fissure  of  the  cerebrum  is  the  passage  by  which  the  pia 
mater  passes  from  the  surface  into  the  ventricles  of  the  brain  to  form  the 
choroid  plexus.  It  may  be  laid  open  in  its  whole  extent,  after  the  lateral 
ventricles  have  been  opened,  by  completely  dividing  the  fornix  and  corpus 
callosum  in  the  middle  line,  and  raising  the  divided  parts  from  the  undis- 
turbed velum  interposituni  below.  It  will  then  be  found  that,  in  like 
manner,  the  posterior  and  middle  lobes  of  the  brain,  including  hippocampus 
major  and  corpus  fimbriatum,  may  be  raised  from  the  subjacent  parts  as  far 
as  the  extremity  of  the  descending  cornu  of  the  lateral  ventricle.  The 
transverse  fissure  is,  therefore,  a  fissure  extending  from  the  extremity  of  the 


^^^^S^^T^^^  5  *  f^W-  ;  8,  left 
callosum  and  the  Lptum  lucidum  ;  f,  veii  Tom  t'hTo  ^  f°nt  °f  the  CorPus 

marginal  vein  of  the  choroid  plexus  '  7  vp£V.-     t  stnatun>  5  6,  convoluted 

striatum  ;  8,  vein  proceeding  from  'the  inferior  t  th,e  *halamus  opticus  and  corpus 
from  the  posterio/cornu ;  "lO,  antS or  £  ars  o  ftt."?  h.lPP""P".  ;  »,  one 

foramen  of  Monro;  11,  fornix  divided  near  ft«  W,  f  ?mX  dlvlded  in  fronfc  of  the 
13,  posterior  pillar  united  with  14  thl  n  ^  and  turned  Awards  ;  12,  lyra  ; 
choroid  plexus'as  it  descends 3  the'  totoU^™  u?"0"™1  behind'  and  COve'ed  b'  th° 
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descending  coruu  on  one  side,  over  the  constricted  part  of  the  cerebrum,  to 
the  extremity  of  the  descending"  cornu  of  the  other  side.  It  is  bounded 
above  by  the  corpus  callosum  and  fornix  in  the  middle,  and  more  externally 
on  each  side  by  a  free  margin  of  the  hemisphere  :  inferiorly  it  is  bounded 
near  the  middle  line  by  the  corpora  quadrigemina,  and  on  each  side  by  the 
crus  cerebri  and  posterior  part  of  the  optic  thalamus. 

In  the  free  margin  of  the  hemisphere  brought  into  view  by  opening  out  the 
part  of  the  transverse  fissure  which  leads  into  the  descending  cornu  of  the 
lateral  ventricle,  there  are  seen  (1st)  the  ribbon-like  ledge  formed  by  the 
corpus  fimbriatum,  internal  to  the  hippocampus  major  ;  (2nd)  beneath  this, 
a  small  grey  indented  ridge,  the  fascia  dentata ;  and  (3rd)  beneath  the 
fascia  dentata  the  gyrus  hippocampi.  On  making  a  transverse  section,  it  is 
seen  that  the  corpus  fimbriatum  is  the  free  margin  of  the  white  substance  of 
the  hemisphere,  and  that  the  fascia  dentata  is  the  free  margin  of  the  cortical 
substance,  and  is  continuous  with  the  grey  matter  of  the  hippocampus 
major,  and  that  thus  the  hippocampus  major  is  the  swelling  in  reverse  of 
the  sulcus  between  the  fascia  dentata  and  gyrus  hippocampi.  The  fascia 
dentata  can  be  traced  up  to  the  pad  or  bourrelet  :  its  upper  part  is  free  of 
dentations,  and  is  sometimes  named  fasciola  cinerea.  The  dentations  cor- 
respond with  blood-vessels  passing  to  and  from  the  choroid  plexus. 

The  velum  interpositum  or  tela  choroidea,  the  membrane  which  connects 
the  choroid  plexuses  of  the  two  sides  together,  is  a  prolongation  of  the  pia 
mater  through  the  transverse  fissure.  [t  corresponds  in  extent  with  the 
fornix,  which  rests  upon  its  upper  surface  ;  and  its  more  highly  vascular 
free  borders,  projecting  into  the  lateral  ventricles,  form  the  choroid  plexuses. 

The  choroid  plexuses  appear  like  two  red  knotted  fringes,  reaching  from 
the  foramen  of  Monro,  where  they  meet  together  beneath  the  fornix,  to  the 
point  of  each  descending  cornu.  They  consist  of  a  highly  vascular  villous 
membrane.  The  villi  with  which  they  are  covered  are  again  divided  upon 
their  surfaces  and  at  their  borders  into  smaller  processes,  along  which  fine 
vessols  are  seen  to  run.  Numerous  Binall  vessels  pa3s  between  the  plexuses 
and  the  surface  of  the  corpora  striata,  as  well  as  other  neighbouring  parts,  and 
the  epithelium  of  the  ventricles  is  continued  over  their  surface.  Thus  it  is 
only  at  the  foramen  of  Monro  that  the  epithelial  liuing  of  the  lateral  ven- 
tricles is  continuous  with  that  of  the  third  ventricle. 

The  epithelium  changes  its  character  where  it  covers  the  plexus.  It  is  there 
composed  of  large  spheroidal  corpuscles,  in  each  of  which  is  seen,  besides  a  distinct 
nucleus,  several  yellowish  granules,  and  one  or  more  dark  round  oil-drops.  Accord- 
ing to  Henle  each  of  these  cells  is  provided  with  short,  slender,  acuminate,  tran- 
sparent, and  colourless  processes. 

On  raising  the  velum  interpositum,  two  slight  vascular  fringes  are  seen 
running  along  its  under  surface,  and  diverging  from  each  other  behind. 
They  form  the  choroid  plexuses  of  the  third  ventricle. 

The  choroid  artery  enters  the  velum  interpositum  at  the  point  of  the 
descending  cornu  ;  and  other  arteries  enter  from  behind,  beneath  the  corpus 
callosum.  The  greater  number  of  the  veius  terminate  in  two  principal 
vessels  named  the  veius  of  Galen,  which  run  backwards  on  the  velum  inter- 
positum, and  passing  out  beneath  the  corpus  callosum  pour  their  blood  into 
the  straight  sinus,  having  generally  first  united  into  a  single  trunk. 

Bichat  supposed  that  the  arachnoid  membrane  entered  the  third  ventricle  in  the 
form  of  a  tubular  process,  which  passed  beneatli  the  posterior  end  of  the  corpus 
callosum  and  fornix,  through  the  velum  interpositum,  and  thus  opened  into  the 
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upper  and  back  part  of  the  third  ventricle.  The  existence  of  this  canal,  named  the 
canal  of  Bichat,  is  no  longer  admitted. 

The  velum  having  been  removed,  the  optic  thalami  are  brought  fully  into 
view,  together  with  the  cavity  of  the  third  ventricle  situated  between 
them,  while,  behind  the  third  ventricle,  between  it  and  the  upper  surface  of 

Fig.  875, 


corpus  striatum  in  the  anterior  ZZ  o ^  the  Iteml  S„SlP  S6^^  °f  tbe  righ' 
side,  in  which  the  grey  substance  has Zn  A T  vent"cle. 5  b  >  the  8ame  on  the  left 
lary  fibres  spreading  through TZ  co^t  rtriiSn  StoT  Ped™^ar  medul- 

by  a  line  to  the  tenia  semicircularis  d  surfa  e  ?n  ^  Vnhnl  hemi8P^e  ;  c,  points 
pillars  of  the  fornix  divided  ;  be  ow  they  a«  J2L  1  f™"  -  °?t,CUa  5  e'  the  anterior 
tricle,  and  between  them  is  see a  pa?  of thf J  ^  fr°Dt  °f  the  third  ™- 

is  seen  the  fifth  ventricle  represented  as  a  ,  S  h  W,wmTre  ;  above  the  letter 
lucidum  ;/,  placed  on  the so/or S ?e  commissure  Tin  tt'"0  ami^  °f  the  SePtum 
ventricle  ;  on  either  side  of  this  letter  is  the  wMt?^^  ' '^0S^n0T  Part  of  the  third 
immediately  below  the  letter  is  the  smaH  IterW  1  ^  V**™}*  °f  the  Pineal  g'a»d  5 
the  upper,  and  i,  tbe  lower  of  the  Spo»  ouadr ^mmi8SUrf  and  the  P'neal  gland  ;  /t 
cerebrum  ;  and  close  to  this  the  vaUTvlus^ g  7'^  !-  *'  VT,°ma  a  cerebe"°  ad 
mcsion  along  with  the  middle  lobe  of  the ^  cerebel'l.l  "  ^  divided  b*  a  raedia" 
toole;  Z.  the  hippocampus  major  and  orm  (S  ■ ;  80  as  to  open  UP  the  veu- 
p.llar  of  the  fornix  and  descending  t™Te   *^U*   ™  fr^  *"e  posterior 

posterior  cornu  of  the  lateral  ventricle  ami  I,  6  Cornu  of  the  lafceral  ventricle  •  m 

o,  the  cavity  of  the  fourth  vlSfe  ;  ^^7™,         '  ^  »^t»  oolU&lf; 
section  of  the  middle  lobe  showing  the  arbor  v?t  SUrfaCe  of  the  medu"a  oblongata  ;  r 
brought  into  view  on  the  left  side  by  the  «1„",   1     Upp.e,r  8urface  of  cerebellum 
cerebral  lobe.  J       removal  of  a  considerable  part  of  the  posterior 
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the  cerebellum,  are  seen  the  pineal  body,  the  corpora  quadrigemina,  the 
valve  of  Vieussens,  and  the  processus  a  cerebello  ad  cerebrum. 

The  third  ventricle  is  a  narrow  longitudinal  cleft  placed  between  the 
optic  thalami,  which  bound  it  on  its  two  sides.  It  is  covered  above  by  the 
velum  interpositum  and  the  fornix.  Beneath,  its  floor  is  formed  by  the 
following  parts,  which  have  been  already  described  as  seen  on  the  base  of 
the  cerebrum,  viz.,  commencing  from  behind,  the  posterior  perforated  space, 
the  corpora  albicantia,  the  tuber  cinereum  and  infundibulum,  and  the 
lamina  cinerea,  the  last  of  which  also  serves  to  close  it  in  front,  as  high  as 
the  anterior  commissure.  Behind,  is  the  anterior  opening  of  the  aqueduct 
of  Sylvius.  The  cavity  is  crossed  by  three  commissures,  named  from  their 
position,  anterior,  middle,  and  posterior. 

The  middle  or  soft  commissure  is  composed  almost  entirely  of  grey 
matter,  and  connects  the  two  thalami.  It  is  variable  in  size,  and  some- 
times wanting  ;  it  is  frequently  torn  across  in  examining  the  brain. 

The  anterior  commissure  is  a  round  bundle  of  white  fibres,  placed  imme- 
diately in  front  of  the  anterior  pillars  of  the  fornix,  and  crossing  between  the 
corpora  striata.  It  marks  the  anterior  boundary  of  the  ventricle  ;  its  fibres 
extend  laterally  through  the  corpora  striata,  a  long  way  into  the  substance 
of  the  cerebral  hemispheres. 

The  posterior  commissure,  also  white  but  of  smaller  size,  is  placed  across 
the  back  part  of  the  ventricle,  immediately  before  and  below  the  pineal 
body,  with  which  and  with  the  corpora  quadrigemina  it  is  intimately 
connected. 

The  corpora  striata,  situated  in  front  and  to  the  outer  side  of  the  optic 
thalami,  are  two  large  ovoid  masses  of  grey  matter,  the  greater  part  of  each  of 
which  is  embedded  in  the  middle  of  the  white  substance  of  the  hemisphere 
of  the  brain,  whilst  a  part  comes  to  the  surface  in  the  body  and 
anterior  corau  of  the  lateral  ventricle.  This  intraventncidar  portion  of 
the  corpus  striatum  is  of  a  pyriform  shape,  its  larger  end  being  turned 
forwards,  and  its  narrow  end  being  directed  outwards  and  backwards,  so 
that  the  optic  thalami  of  the  two  sides  are  received  between  the  diverging 
corpora  striata.  On  cutting  into  it,  there  may  be  seen  at  some  depth  from 
the  surface  white  fibres,  which  are  prolonged  from  the  corresponding  cerebral 
peduncle,  and  give  it  the  streaked  appearance  from  which  it  has  received  its 

name.  .  , 

The  extraventricular  portion  of  the  corpora  striata  will  be  afterwards 

described.  .  , 

Along  the  inner  border  of  each  corpus  striatum,  and  in  a  depression 
between  it  and  the  optic  thalamus,  is  seen  a  narrow  whitish  semitrans- 
parent  band,  named  tatnia  semicircularis,  which  continues  backwards  into 
the  descending  corau  of  the  ventricle,  where  its  connections  have  not  been 
determined  with  precision.  In  front  it  reaches  the  corresponding  anterior 
pillar  of  the  fornix,  and  descends  in  connection  with  that  cord  of  white 
substance. 

It  is  more  transparent  and  firm  on  the  surface,  especially  at  its  fore  part :  and 
this  superficial  stratum  has  been  named  stria  cornea.  The  ta3nla  consists  of  longi- 
tudinal white  fibres,  the  deepest  of  which  running  between  the  corpus  striatum  and 
the  thalamus,  were  named  by  Vieussens  centrum  geminum  semiarculare.  Beneath 
it  are  one  or  two  large  veins,  which  receive  those  from  the  surface  of  the  corpus 
striatum  and  end  in  the  veins  of  the  choroid  plexuses. 

The  thalami  optici  (posterior  ganglia  of  the  brain)  are  of  an  oval  shape, 
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and  rest  on  the  corresponding  cerebral  crura,  which  they  in  a  manner 
embrace.  On  the  outer  side  each  thalamus  is  bounded  by  the  corpus 
striatum  and  taenia  semicircularis.  The  upper  surface,  which  is  white,  is 
free  and  prominent,  and  is  partly  seen  in  the  lateral  ventricle,  and  partly 
covered  by  the  fornix.  The  part  which  is  seen  in  the  lateral  ventricle  is 
more  elevated  than  the  rest,  and  is  named  the  anterior  tubercle.  The 
posterior  surface,  which  is  also  white  and  free,  projects  into  the  descending 

Fig.  376. 


Fig.  376.-RIOHT  HALF  OF  THE  KnOEPHALIO  PEDUNCLE  AND  ClSREBELLOM  AS  SEEN  FROM 

the  inside  in  a  Median  Se  jtion  (after  Reichert). 

sixth'  rSeOPtV3neUn;.dnL?r?lC0T1StUrf  \  ^  third  nerve;  VI, 

section  of  the  pituitary  bod,    A V      '  iu°k  ^  °f  the  thalamus   "P^  H 
lower  line  toTaSSoJ0 Stn^s^d^and  LS?  '  *?>  ?**Vi 

anterior  pillar  of  tbe  fornix  -  In  1„  •  '  .  .y,an  "PPer  lme  to  the  divided 
dn«umP;/,mark  of     ^ndPJv^ZT^'  ?nfu1ndibu'um  ;  H  tuber 

third  ventricle  ;  cm,  commissura ll  °  J6-  f°rQ1X  ,4e80end«X  «  the  wall  of  tbe 
above  it  the  peduncle  of  the  TneaH ul\  *\  i"?  ^  18  ;  posterior  commissure, 
the  fourth  ventricle  ?  Q  corpora  o.ati"!^  f*1"?  '  th<3  Upp6r  end  of  the  Pass^  to 
the  fourth  ventricle;  w  ZZy^IS^^  aqUeduct  of  Sylvius  near 

pa,  right  anterior  pyramid  r^dSuee^  M'  medulIa  ob!<>°gata; 

c  central  canal  witt^rey  ^dfngTui  vTded^Tn'th^  P°f?°r  Pyramids  ' 

of  white  substance  n  the  centre  nf  „•  ,  i  "aiviu<-a.  In  the  cerebellum,  av,  stem 
the  arbor  vit,  ;  Sv,  na^^^m^%  ^•^"■"V™"^  ^ 
*c,  single  folium,  which  passes  across  beUveTZ  J  „  •  P°rtl0.n  °f  the  midJIe  lob*  ; 
which  unite  the  posterior  inferioHobe i  *  ?  nvSmM  °r  *Tnar  lobeS  ;  c'>  tlie  f°lia 
the  lamina  of  the  square  lobe  ■  2  vZ'Jt  ?J  dj  ,M!  U™Ia '  n>  nodule  >  1,  part  of 
4,  lobulusgracihs;  5,  llfffl  i^fS^^Jf  I  3>  Posterior  inferior1  lobe°; 

cornu  of  the  lateral  ventrielp  • 

contact  one  with  the  other'    Thev  T"  °f  the  W°  thakmi  are 

rior  of  the  thalami  uncovered  withwlZ  ^  ^  8ubstance  of  inte- 
together  by  a  transverse  portion  which  5  J™  ge"erally  Partiall7  ""ted 
of  the  third  ventricle  '  f°rmS  the  middle  or  «>ft  commissure 
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The  pineal  body,  or  gland  (conariuin),  is  a  small  reddish  body,  which  is 
placed  beneath  the  back  part  of  the  corpus  callosum,  and  rests  upon  the 
anterior  elevations  of  the  corpora  quadrigemina.  It  is  attached  to  the  under 
surface  of  the  velum  interpositum,  so  that  it  is  liable  to  be  torn  away  from 
the  brain  in  removing  that  membrane.  It  is  about  the  size  of  a  small 
cherry-stone.  Its  base  of  attachment,  which  is  its  broader  part,  is  directed 
forwards,  and  is  connected  with  the  rest  of  the  cerebrum  by  white  substance. 
This  white  substance  is  principally  collected  into  two  small  rounded 
bundles,  named  peduncles  of  the  pineal  gland,  which  pass  forwards  upon 
the  optic  thalami  along  their  upper  and  inner  borders,  and  may  be 
traced  as  far  as  the  anterior  pillars  of  the  fornix,  in  conjunction  with  which 
they  descend.  These  peduncles  are  connected  with  each  other  behind,  and 
the  band  of  union  between  them  is  adherent  to  the  back  of  the  posterior 
commissure. 

This  hand  is  represented  by  Reichert  as  folding  forwards  and  then  backwards,  so 
as  to  leave  a  hollow,  which  he  calls  recessus  jrinealis,  opening  backwards  above  the 
pineal  body.  Some  anatomists  have  described  two  inferior  peduncles,  which  descend 
upon  the  inner  surface  of  the  thalami. 

The  pineal  gland  is  very  vascular.  It  is  hollowed  out  into  two  or  more 
cells,  which,  sometimes  at  least,  open  anteriorly  into  the  ventricle,  and 
almost  always  contain,  besides  a  viscid  fluid,  a  quantity  of  gritty  matter, 
named  acervulus  cerebri.  This  consists  of  microscopic  round  particles, 
aggregated  into  small  compound  masses,  which  are  again  collected  into 
larger  groups.  It  is  composed  of  the  so-called  amylaceous,  or  amyloid 
bodies,  and  of  earthy  salts  combined  with  animal  matter,  viz.,  phosphate 
and  carbonate  of  lime,  with  a  little  phosphate  of  magnesia  and  ammonia 
(Stromeyer).  It  is  found  at  all  ages,  frequently  in  young  children,  and 
sometimes  even  in  the  foetus.  It  cannot,  therefore,  be  regarded  as  the 
product  of  disease. 

This  sabulous  matter  is  frequently  found  on  the  outside  of  the  pineal  body,  or 
even  deposited  upon  its  peduncles.  It  is  found  also  in  the  choroid  plexuses ;  and 
scattered  corpora  amylacea  occur  in  other  parts  of  the  membranes  of  he  bra.n. 
Buschke  has  pointed  out  that  the  pineal  body  is  larger  in  the  child  and  the  female 
than  in  the  adult  male.  In  the  brains  of  other  mammals  it  is  proportionally  larger 
than  in  the  human  subject,  and  less  loaded  with  the  matter  of  acervulus  cerebri. 

The  corpora  or  tubercula  quadrigemina  are  four  rounded  eminences, 
separated  by  a  crucial  depression,  and  placed  two  on  each  side  of  the  middle 
line  one  before  another.  They  are  connected  with  the  back  of  the  optic 
thalami,  and  with  the  cerebral  peduncles  at  either  side j  and  they  are 
placed  above  the  passage  leading  from  the  third  to  the  fourth  ventricle . 

The  upper  or  anterior  tubercles  are  somewhat  larger  and  darker  in  colour 
than  the  posterior.  In  the  adult,  both  pairs  are  solid  and  are  composed  of 
white  substance  on  the  surface,  and  of  grey  matter  within. 

TheV  receive  bands  of  white  fibres  from  below,  the  majority  of  which  are 
derived  from  a  fasciculus  named  the  fillet.  A  white  cord  also  passes  up 
on  each  side  from  the  cerebellum  to  the  corpora  quadrigemina,  and  is 
continued  onwards  to  the  thalami :  these  two  white  cords  are  the  pro- 
cessus a  cerebello  ad  cerebrum,  or  superior  peduncles  of  the  cerebellum.  At 
each  side  of  the  corpora  quadrigemina  there  proceed  outwards  two  white 
Vvmds  which  pass  to  the  thalami  and  to  the  commencements  of  the  optic 
tracts'  These  bauds  are  prominent  on  the  surface,  and  are  sometxmes  named 
hrachia. 
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lu  the  human  brain  the  quadrigeminal  bodies  are  small  in  comparison 
with  those  of  animals.      In  ruminant,  soliped,  and.  rodent  animals,  the 

Fig.  377. 


upper  surface  of  th c™  striatum    S  1°?'  has  been  rera°^- 

placed  on  the  middle  of  tL  five  or  st In-,  ?  back  ?art  ?f  the  thalamus  opticus  ;  C, 
of  Reil,  the  cerebral  ubs  aDc  beS  ZtTLT^^  M&1  lobe  or  i8lan<* 
Sylvius,  from  which  these  con"l„ti0M  SlfaS^  VTUn,ferenCeJ  fisSUre  of 
the  olfactory  tract ;  I,  the  olfactory divided  J?  7  Seen,the  WhUe  stli:B  of 

the  convolution  which  lodges  it ;  I?  optic  nerv/A  1  h.  ^  £  °WD  fr°m  the  Sroove  in 
a,  right  corpus  albicans  with  the  tSr  otZ  llttIe]?'a/  ln  fiont  of  tu*  commissure; 
hypophysis  or  pituitary  body  e  external  ZlT™t  an<VDfundibulum  in  of  it ;  h 
part  of  the  optic  tract;  P,  P  dunde  o Sus  of  VJ "  ^  Seniculat«*  at  the  back 
motor  nerve;  pineal  island  T-^"  I  *he  c?rebrum  5  /,  fillet;  III,  right  oculo- 
*  th.  valve  ^vSwinf^/jJ^^^^A  trochlear  nerve  rfsingC 
nanus;  S)  the  superior,  themiddle  and  r^-0}1 1  .aboT8,the1  ri6bt  *ervus  trige- 
belh  cut  short  ;  VI,  the  sixth  nerve  •'  VTT  «  f  •  i  nfen0r  Peduncles  of  the  crus  cere- 
the  medulla  oblongata  the  v^n^tL^f^erv9i,Vli'  a^itory  nerve  ;  on 
cut  end  of  the  pneumo-gastric  ner^-  ?Se  ffCn  ?WB  '  ^V'  pIaCed  °PPosite  to  th* 
fibres  of  the  spinal  accessory  nerve  •  IX  I  S'^-P^geal ;  and  b,  the  uppermost 
o,  olivary  body;  ar,  arciform  fibres !  ;  'f  811  nerve  ;  ^  o,  anterior  pyramid  ; 
eminence  corresponding  to  the  tubercle  of  ,  0r  pyramid  !  T,  restiform  body  ;  tr, 

cord,  ca,  indicates  the  anterior  cr>  tb«  ™  f  •  5  at  the  commencement  of  the  spinal 
anterior  and  posterior  roots  of  ftaXSt^'^SL1*"1  columns  5  CI> 
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anterior  tubercles  are  much  larger  than  the  posterior,  as  may  be  seen  in  the 
sheep,  horse,  and  rabbit ;  aud  hence  the  name  nates,  formerly  applied  to 
the  anterior  and  testes  to  the  posterior  tubercles.  In  the  braius  of  carnivora, 
the  posterior  tubercles  are  rather  the  larger.  In  the  foetus  of  man  and 
mammals  these  eminences  are  at  first  single  on  each  side,  and  have  an 
internal  cavity  communicating  with  the  ventricles.  They  are  constant  in 
the  brains  of  all  vertebrate  animals  ;  but  in  fishes,  reptiles,  and  birds,  in 
which  animals  they  receive  the  name  of  optic  lobes,  they  are  only  two  in 
number,  and  hollow :  in  marsupialia  and  monotremata,  they  are  also  two  in 
number,  but  are  solid. 

Optic  tracts  and  corpora  geniculata. — The  optic  tracts,  which  have  already 
been  referred  to  in  coimection  with  the  base  of  the  cerebrum,  are  attached 
to  and  embrace  the  under  side  of  the  corresponding  peduncles,  and 
may  be  traced  back  to  the  thalami.  Each  tract,  somewhat  cylindrical 
towards  the  optic  commissure,  becomes  flattened  and  broader  as  it  approaches 
the  thalamus,  and  makes  a  bend  as  it  turns  round  the  peduncle  to  reach 
the  back  part  of  that  body.  Near  this  bend,  which  is  named  the  knee 
(genu),  and  to  the  outer  side  of  the  corpora  quadrigeinina,  are  placed  two 
small  oblong  and  flattened  eminences  connected  with  the  posterior  extremity 
of  the  optic  tract.  They  are  two  little  masses  of  grey  matter  about  the  size 
and  shape  of  coffee  beans,  placed  one  on  the  outer  and  one  on  the  inner  side 
of  the  genu  of  the  optic  tract,  and  heuce  are  named  respectively  corpus 
geniculatum  externum  and  internum.  They  send  fibres  into  the  optic  tract 
and  also  into  the  thalamus  of  the  same  side. 

The  fibres  of  the  optic  tracts  are  therefore  derived  from  three  sources, 
viz.,  the  thalamus,  the  tubercula  quadrigemina,  and  the  corpora  geniculata. 

The  processus  a  cerebello  ad  cerebrum  are  two  large  white  cords  extending 
downwards  and  somewhat  outwards  from  the  corpora  quadrigemina  to  the 
fore  part  of  the  cerebellum,  and  connecting  the  latter  with  the  cerebrum. 
They  rest  upon  the  crura  cerebri,  to  which  they  are  united,  and  between 
them  is  the  valve  of  Vieussens. 

The  valve,  of  Vieussens  (velum  medullars  anterius),  stretched  between  the 
processus  a  cerebello  ad  cerebrum,  is  a  thin  layer  of  nervous  matter,  which 
lies  over  the  passage  from  the  third  to  the  fourth  ventricle,  and,  lower  down, 
covers  in  a  part  of  the  fourth  ventricle  itself.  It  is  narrow  above,  where  it 
is  connected  with  the  quadrigeminal  bodies,  and  broader  below,  where  it  is 
continuous  with  the  median  portion  of  the  cerebellum. 

The  upper  portion  of  the  valve  is  composed  of  white  substance,  but  a  few 
transverse  ridges  of  grey  matter  extend  upon  its  lower  half,  as  if  they  were 
prolonged  from  the  grey  lamellae  of  the  cerebellum  with  which  the  valve  is  there 
continuous.  From  between  the  posterior  quadrigeminal  tubercles  a  slight 
median  ridge,  named  framulum,  descends  a  little  way  upon  the  valve  ; 
and  on  the  sides  of  this  the  commencing  fibres  of  the  fourth  pair  of 
nerves  pass  transversely  outwards.  The  back  part  of  the  valve  is  over- 
lapped and  concealed  by  the  superior  vermiform  process  of  the  cerebellum. 


INTERNAL  STRUCTURE  OF  THE  CEREBRUM. 

The  cerebrum,  like  the  rest  of  the  encephalon,  is  composed  of  white  and  grey 
substance,  the  white  pervading  nearly  the  whole  of  its  extent,  though  more  exclu- 
sively composing  its  deeper  parts ;  the  grey  forming  a  covering  of  some  thickness  over 
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the  whole  surface  of  the  convolutions,  and  collected  in  distinct  masses  in  certain  of 
the  deeper  parts,  such  as  the  corpora  striata,  thalami  optici,  corpora  quadrigemina, 
and  crura  cerebri.  To  the  grey  substance,  the  names  of  cineritious  and  cortical  have 
been  applied  ;  to  the  white  that  of  medullary. 

I.  The  white  matter  of  the  encephalon  consists  of  tubular  fibres,  in  general  still 
smaller  than  those  of  the  cord,  and  more  prone  to  become  varicose.  The  general 
direction  which  these  follow  is  best  seen  in  a  brain  that  has  been  hardened  by 
immersion  in  alcohol,  although  it  is  true  that  in  an  ordinary  dissection  of  such 
hardened  masses  with  the  scalpel,  we  do  not  then  trace  the  single  fibres,  but  only 
the  smaller  bundles  and  fibrous  lamellae  which  they  form  by  their  aggregation.  It  must 
also  be  admitted  that  where  they  intimately  decussate,  the  tearing  of  fibres  across  is 
liable  to  be  mistaken  for  the  separation  of  sets  of  fibres  one  from  the  other;  and  it 
is  necessary  to  correct  such  errors  by  the  examination  of  sections  under  the  micro- 
scope,  lhe  microscopic  examination  of  the  cerebrum,  however,  is  as  yet  still  less 


Fig.  378. 


In  the  lower  part  of  the  figure  the  mcdulln  nV,l™„.,*„  •  ,  ■  8 

downwards  into  the  spinal  cord  ;  ^6  ^  3  '  I™  ^  *  Prol°nged 
into  the  pons  Varolii  (m)  ■  c,  olivary  body  J  III  * ^  f  '■  °,'  lts  f0? tinuati°"  upwards 
teretes  are  represented  d/the  white  laini hZS*^^  5  b«hi?d the  fasciculi 
peduncle  of  the  cerebellum    g,  ante  - or  miHr  Vf,  ^  T ^ Hum  '  f>  suP^or 

of  the  fibres  radiating  from 'the  pedunde  nto  the  St  ?  ^f™1  1,eduncle  >  h>  P«* 
considerable  extent  is  shown  containing [  Site  o  flL Sl^l  hemisphere,  of  which  a 

V,  y,  part  of  the  corona  radiata    h'  Z  Iclu  7  1 ei  ^""Me,  and  posterior  lobes ; 
fillet  ;  I,  back  of  the  thalamus  O^iL-m  iliT^^0!  the  con^tions  ;  i 
crus  eerebelli  ;  o,  section  of  the  i  es  hippocamm    I         '  ?'  'Ufel'ior  Peduncle  °f  the 
fibres  issuing  from  the  corpus  striatum.  1   '    '  tegmeutum  5  y,  y,  show  the  white 

complete  than  that  of  the  spinal  marrow  *nA  ™„j  n     , , 

of  artificially  prepared  brains  .id™ I  I  part  b?™  °bl°n^ta-  By  the  dissection 
ing  general  facts  have  been  ascertained  microscopic  observation,  the  follow- 

The  fibres  of  the  cerebrum,  though'  exceeding          i-    ,  ,  . 
ment,  and  forming  many  different  grZs   ™™  ^  COmP1,catfd  1D  their  arrange- 
systems,  according  to  the  general  coLc^hS^  W^feSJg 
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peduncular  Jibrea,  which  pass  up  from  the  medulla  oblongata  to  the  hemispheres, 
and  constitute  the  peduncles  of  the  cerebrum.  These  fibres  increase  in  number  as 
they  ascend  through  the  pons,  and  still  further  in  passing  through  the  optic  thalami 
and  striated  bodies,  beyond  which  they  spread  in  all  directions  into  the  hemi- 
spheres. 2.  Transverse  or  commissural  fibres,  which  connect  the  two  hemispheres 
together.  3.  Longitudinal  or  collateral  fibres,  which,  keeping  on  the  same  side  of 
the  middle  line,  connect  more  or  less  distant  parts  of  the  same  hemisphere. 

1.  In  each  hemisphere  the  'peduncular  fibres  consist  of  a  main  body  and  of 
certain  accessory  bundles  of  fibres. 

The  main  body  is  derived  from  the  anterior  pyramid,  from  the  fasciculi  teretes, 
and  from  the  posterior  pyramid.  After  it  has  passed  through  the  pons,  and  be- 
come increased  in  amount,  it  is  separated  into  two  parts  in  the  crus  cerebri  by  a 
layer  of  dark  cineritious  matter,  named  locus  niger.  The  lower  or  superficial  part, 
which  is  derived  from  the  pyramid,  consists  almost  entirely  of  white  fibres,  col- 
lected into  coarse  fasciculi,  and  is  named  the  crust  or  basis,  or  the  fasciculated  por- 
tion of  the  peduncle  (Foville).  The  upper  part,  composed  principally  of  the  fasci- 
culus teres  and  posterior  pyramid,  is  named  the  tegmentum.  It  is  softer  and  finer 
in  texture,  and  is  mixed  with  much  grey  matter. 

Still  increasing  in  number  within  the  peduncle,  these  two  sets  of  fibres  ascend  to 
the  thalamus  and  corpus  striatum.     A  much  larger  number  of  fibres  diverging 

Fig.  379. — Posterior  View 
of  the  Peduncles  op  the 
Cerebrum  and  Cerebel- 
lum (after  Arnold).  4 

The  lower  and  fore  part  of 
the  cerebral  hemispheres  is 
preserved,  the  cerebellum  is 
completely  detached  from  its 
peduncles,  and  on  the  right 
side  the  corpora  quadrigemina 
and  thalamus  opticus  have 
been  dissected,  a,  fasciculus 
teres  of  the  left  side  ;  b,  fibres 
of  the  tegmentum  ascending 
through  the  right  thalamus  ; 

c,  left  corpora  quadrigemina  ; 

d,  lateral  column  of  the  cord  ; 

e,  restiform  body ;  /,  superior 
peduncles  of  the  cerebellum  ; 
g,  fibres  of  the  crust ;  i,  i, 
the  fillets ;  k,  h,  corpora 
striata  ;  I,  the  left  thalamus  ; 
m,  m,  sections  of  the  middle 
peduncles  of  the  cerebellum  ; 
n,  section  of  the  left  inferior 
peduncle ;  p,  left  posterior 
pyramid ;  q,  section  of  the 
corpus  callosum  ;   s,  under 

surface  of  the  same,  and  below  it  the  cavity  of  the  fifth  ventricle  ;  t,  left  anterior  pillar 
of  the  fornix  ;  y,  decussation  of  the  radiating  fibres  with  the  crossing  fibres  of  the  corpus 
callosum. 


from  these  bodies  appear  to  pass  to  the  medullary  substance  of  the  hemispheres  ;  but 
the  actual  continuity  of  the  individual  fibres  spreading  out  in  the  hemisphere  with 
those  ascending  to  the  thalamus  and  corpus  striatum  is  doubted  by  many  authors, 
and  among  them,  by  Kolliker. 

The  assemblage  of  radiating  fibres  in  each  hemisphere  might  be  compared  to  a 
fan,  bent  into  the  form  of  an  incomplete  hollow  cone,  having  its  concave  surface 
turned  downwards  and  outwards ;  hence  the  name  corona  radiata  applied  to  them 
by  Rett,  and  fibrous  cone  by  Mayo. 


TRANSVERSE  AND  COLLATERAL  FIBRES. 


557 


The  accessory  fibres  of  the  peduncular  system  are  as  follows  : — 

a.  The  superior  peduncles  of  the  cerebellum,  (processus  ad  cerebrum,)  which  are 
continued  up  beneath  the  corpora  quadrigemina,  and  form  part  of  the  tegmentum. 

b.  The  bundle  of  fibres  on  each  side,  named  the  fillet  (lemniscus).  This,  which  is 
originally  derived  from  the  anterior  column  of  the  cord,  proceeds  from  the  olivary 
fasciculus  of  the  medulla  oblongata,  as  previously  described.  Reinforced  by  fibres 
from  the  corpus  dentatum  of  the  olivary  body,  it  ascends  through  the  back  part  of 
the  pons,  still  increasing  in  size.  Appearing  at  the  side  of  the  cerebral  peduncle, 
above  the  upper  border  of  the  pons,  it  divides  into  two  portions,  of  which  one  crosses 
over  the  superior  peduncle  of  the  cerebellum  to  the  corpora  quadrigemina,  meeting 
its  fellow  of  the  opposite  side ;  while  the  other  is  continued  upwards  with  the  fibres 
of  the  tegmentum. 

c.  Other  fibres  accessory  to  the  peduncles  take  their  rise  in  the  grey  matter  of 
the  corpora  quadrigemina  (the  brachia),  and  proceed  on  to  the  thalami. 

d.  Lastly,  fibres  of  another  set,  having  a  similar  destination,  are  derived  from 
the  corpora  geniculata. 

2.  The  transverse  commissural,  or  connecting  fibres  of  the  cerebrum,  include  the 
following  sets : — 

a.  The  cross  fibres  of  the  corpus  callosum,  passing  laterally  into  the  substance  of 


Fig.  380. 


Fig.  380. — View  op  a  Dissection  op  the 
Fibres  in  the  Left  Cerebral  Hemi- 
sphkre  prom  below  (after  Mayo).  \ 

The  most  of  the  middle  lobe  in  its  lower 
part  has  been  removed,  a,  the  anterior,  and 
a',  the  posterior  part  of  the  fillet  of  the 
corpus  callosum ;  b,  cj,  section  of  the  crus 
cerebri ;  b,  tegmentum  ;  </,  crust  separated 
from  the  last  by  the  locus  niger;  &,  fibres 
stretching  from  the  back  part  of  the  corpus 
callosum  into  the  posterior  lobe  ;  e,  fasciculus 
uncinates  connecting  the  anterior  and  middle 
lobes  across  the  Sylvian  fissure  ;  /,  /,  trans- 
verse fibres  from  the  corpus  callosum  passing 
into  the  cerebral  hemispheres  ;  I,  back  part 
of  the  thalamus  ;  to,  corpus  albicans ;  q, 
median  section  of  the  corpus  callosum  ;  r, 
radiating  fibres  of  the  hemispheres  ;  t,  ante- 
rior pillar  of  the  fornix  descending  into  the 
corpus  albicans  (m)  ;  v,  collateral  fibres  of 
the  convolutions  ;  x  ,  anterior  commissure. 

the  hemispheres,  some  being  directed  up- 
wards, whilst  others  spread  outwards  on 
the  roof  of  the  lateral  ventricles,  forming 
there  what  is  named  the  tapetum.  Having 
intersected  the  peduncular  radiating  fibres, 
they  spread  out  into  the  hemispheres' 
reaching  everywhere  the  grey  matter  of  the 
convolutions. 
b.  The  fibres  of  the  anterior  commissure 

tSS  SSs*  ^-asc  thalami' and  are 

eludes  tL^f  Tl^Z"  s^icS™'  ^  °'  »* 

course  immediately  Zt^g™  ^f^'  and  Ube  a  longitudinal 

e  iransverse  fibres  of  the  corpus  callosum.    In  front 
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tl  h  ? °WmvarilPs  Wlthm  the  eyms  to  which  they  belong,  and  are  connected 
with  the  anterior  perforated  space,  being  joined  by  certain  longitudinal  fibres  which 
run  along  the  under  surface  of  the  corpus  callosum  near  the  middle  line,  passing 
near  and  upon  the  upper  edge  of  the  septum  lucidum.  Behind,  they  turn  round  the 
back  ot  the  corpus  callosum  and  thence  descend  to  the  point  of  the  middle  lobe  where 
according  to  Poville,  they  again  reach  the  perforated  space.  Offsets  from  these  fibres 
pass  upwards  and  backwards  into  the  secondary  convolutions  derived  from  the 
gyrus  fornicatus  in  the  longitudinal  fissure. 

b.  Fasciculus  uncinatus.— Under  this  name  is  described  a  white  bundle  seen  on 
the  lower  aspect  of  the  hemisphere,  passing  across  the  bottom  of  the  Sylvian  fis- 
sure, and  connecting  the  anterior  with  the  middle  and  posterior  lobes  The  fibres 
of  this  bundle  expand  at  each  extremity,  and  the  more  superficial  of  them  arc 
curved  or  hooked  sharply  between  the  contiguous  parts  of  the  anterior  and  middle 
lobes, — whence  it  has  received  its  name. 

c.  The  convolutions  of  the  cerebrum  are  connected  with  each  other  by  white 
fibres,  which  lie  immediately  beneath  the  cortical  substance.  Some  of  them  pass 
across  the  bottom  of  the  sulcus  between  adjacent  convolutions ;  whilst  others,  which 
are  longer  and  run  deeper,  connect  convolutions  situated  at  a  greater  distance  from 
one  another. 

Fig.  381. 


Fig.  381. — View  op  a  Dissection  of  tub  Fibres  op  the  Gtrus  Fornicatus  and  Fornix 
in  the  Right  Hemisphere  (slightly  altered  from  Foville).  £ 

A,  the  anterior  lobe ;  B,  the  posterior  lobe  ;  a,  a',  a",  fibres  of  the  gyrus  fornicatus ;  c,  c', 
oblique  bands  of  fibres  of  some  of  its  accessory  gyri  ;  b,  tegmentum,  and  g,  crust  of  the 
crus  cerebri,  separated  by  the  locus  niger  ;  I,  thalamus  ;  m,  fissure  of  Sylvius  ;  n,  corpus 
albicans  ;  q,  median  section  of  the  corpus  callosum  ;  s,  septum  lucidum ;  t,  the  fornix, 
its  anterior  pillar  descending  into  the  corpus  albicans,  and  then  emerging  from  that  at  its 
termination  (*)  in  the  thalamus  ;  1,  the  olfactory  bulb  ;  2,  the  optic  commissure. 


The  researches  of  Foville  have  led  him  to  differ  considerably  from  other 
anatomists  as  to  the  course  of  the  fibres  of  the  cerebrum,  as  will  be  seen  from  the 
following  statement  of  his  views  : — 

1.  The  crust  or  fasciculated  jwrtion  of  each  cerebral  peduncle,  derived  from  the 
anterior  pyramid,  forms  by  itself  the  peduncular  fibrous  cone,  and  is  thence  con- 
tinued on  into  the  radiating  fibres  of  the  cerebrum,  which  are  destined  only  for  the 
convolutions  on  the  convex  surface  of  the  hemisphere,  including  the  outer  half  of 
the  marginal  convolution  of  the  longitudinal  fissure,  and  the  inner  half  of  the  con- 
volution of  the  Sylvian  fissure. 

2.  The  fibres  of  the  tegmentum,  having  entered  the  thalamus,  pass  on  in  two  ways 
 no  part  of  them,  however,  joining  the  radiating  peduncular  fibres. 

a.  One  set  pass  upwards  through  the  thalamus  and  corpus  striatum,  above  which 
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they  then  turn  inwards,  and,  joining  with  those  of  the  opposite  side,  form  the  trans- 
verse fibres  of  the  corpus  callosum.  The  corpus  callosum  is  therefore  regarded  as 
a  commissure  of  the  cerebral  peduncles  only — none  of  its  cross  fibres  spreading  into 
the  convolutions,  as  is  generally  believed. 

b.  The  second  set  of  fibres  of  the  tegmentum,  corresponding  with  the  fasciculi 
teretes  and  part  of  the  posterior  pyramids,  run  forwards  near  the  middle  line,  along 
the  under  side  of  the  third  ventricle  and  corpus  striatum,  through  the  grey  matter 
in  front  of  the  pons,  to  the  anterior  perforated  space.  The  remaining  part  of  the 
posterior  pyramid  forms  the  tenia  semicircularis,  which,  passing  down  in  front  of  the 
anterior  pillar  of  the  fornix,  also  reaches  the  perforated  space.  From  this  space 
more  fibres  are  reflected  upwards  on  the  sides  of  the  corpus  striatum  to  join  the 
corpus  callosum. 

3.  A3  dependencies  of  the  posterior  peduncular  fibres,  and  connected  with  them  at 
the  borders  of  the  anterior  perforated  space,  are  : — 

a.  Several  sets  of  longitudinal  arched  fibres,  which  embrace,  in  a  series  of  rings, 
the  radiating  peduncular  system.  These  are — the  deep  fibres  of  the  tenia  semicircu- 
laris— a  somewhat  similar  band  beneath  the  outer  part  of  the  corpus  striatum — the 
half  of  the  fornix  with  the  corpus  fimbriatum — the  longitudinal  fibres  placed  on  the 
upper  and  under  surface  of  the  corpus  callosum,  and  those  of  the  septum  lucidum ; 
and,  lastly,  two  remarkable  systems  of  longitudinal  fibres — one  constituting  the 
entire  white  substance  of  the  gyrus  fornicatus  (from  end  to  end),  also  of  its  accessory 
convolutions,  and  of  the  inner  half  of  the  marginal  convolution  of  the  longitudinal 
fissure  j  and  the  other,  forming  the  white  substance  of  the  convolutions  of  the  island 
of  Reil,  and  the  adjoining  half  of  the  convolution  of  the  Sylvian  fissure.  None  of 
the  parts  just  named  receive  fibres  from  the  radiating  peduncular  set. 

b.  In  connection  with  this  system  is  a  thin  stratum  of  white  fibres,  found  upon  the 
internal  surface  of  the  ventricles,  and  prolonged  through  the  transverse  fissure  into 
the  reticulated  white  substance  covering  the  lower  end  of  the  gyrus  fornicatus ; 
whence,  according  to  Foville,  it  extends,  as  an  exceedingly  thin  layer  of  medullary 
matter,  all  over  the  cortical  substance  of  the  hemisphere. 

c.  The  anterior  commissure  does  not  reach  the  convolutions,  but  radiates  upon  the 
outer  sides  of  the  corpora  striata  and  thalami. 

II.  The  grey  matter  on  the  convoluted  surface  of  the  cerebrum  is  divided  into  two 
and  in  some  regions  into  three  strata,  by  interposed  thin  layers  of  white  substance. 
In  examining  it  from  without  inwards,  we  meet  with — 1.  A  thin  coating  of  white 
matter  situated  on  the  surface,  which  on  a  section  appears  as  a  faint  white  line, 
bounding  the  grey  substance  externally.    This  superficial  white  layer  is  not  equally 
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Fig.  382. — Section  op 
the  Cortical  Sub- 
stance op  a  Cerebral 
Convolution  (from 
Reraak). 

In  A,  the  parts  are 
nearly  of  the  natural 
size.  To  the  right  of  the 
figure,  a  and  e  are  two 
white,  and  6  and  /  two 
grey  strata  ;  to  the  left 
of  the  figure,  an  addi- 
tional white  layer,  c,  di- 
vides the  first  grey  into 
two,  b  and  d.  In  B,  a 
small  part  of  the  cortical 
substance  of  a  convolution 
is  represented,  magnified 
to  show  more  clearly  the 
relative  position  of  the  strata;  a,  superficial  white  layer;  6,  reddish  grey  layer;  c, 
intermediate  white  layer  ;  d,  inner  part  of  the  outer  grey  layer  ;  a,  thin  white  layer  /, 

^JSE-SEa  L  T     ^  ^  ^  th<2  ^dollary  °f  the  COnv'olu-' 

tiou  passing  into  the  layers  of  the  cortical  substance. 
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thick  over  all  parts  of  the  cortical  substance,  but  becomes  thicker  as  it  approaches 
ELS?"         6  CT?lutCd  SUrface'  "  is  aceordingly  less  conspicuouToa  11  e 
he  onXiniT01  °f       Ym[&PheT'        m°re  S°  0U  UlS  solutions  situated  in 
Z  lhT  V3  Whl»h  aPProach  thc  "hitc  surface  of  the  corpus  callosum,  and 

mVdT  1  ?  U^er  fm'faC1  °f  the  brain-  Ifc  is  esPecia11^  wel1  mark<^  on  thc 
middle  lobe,  near  the  descending  cornu  of  the  lateral  ventricle,  where  the  convo- 

detrih^    V8  +?U  7  Pth.t  P°Steri0r  Pillar  0f  tlle  fomix>  and  ifc  has  b<*n  there 

described  under  the  name  of  the  reticulated  white  substance.  It  consists  of  remark- 
ably fine  tubular  fibres,  for  the  most  part  varicose,  which  run  parallel  with  the  sur- 
face of  the  convolutions,  but  intersect  each  other  in  various  directions.  The  ter- 
mination and  connections  of  these  fibres  are  unknown.  This  superficial  white  layer 
contains  also  a  few  small  cells  with  processes,  and  an  abundant  granular  matrix 
2.  Immediately  beneath  the  white  layer  just  described,  is  found  a  comparatively  thick 
layer  of  grey  or  reddish  grey  matter,  the  colour  of  which,  as  indeed  of  the  grey  sub- 
stance generally  is  deeper  or  lighter  according  as  its  very  numerous  vessels  contain 
much  or  httle  b  ood.  Then  follow,  3.  Another  thin  whitish  layer;  and,  4.  A  thin 
grey  stratum  This  last  lies  next  to  the  central  white  matter  of  the  hemisphere 
Eemak  considers  it  as  similar  in  nature  to  the  gelatinous  substance  of  the  spinal 
cord.  Aocording  to  this  account,  the  cortical  substance  consists  of  two  layers  of  grey 
substance,  and  two  of  white;  but  in  several  convolutions,  especially  those  situated 
near  the  corpus  callosum,  a  third  white  stratum  may  be  seen,  which  divides  the 
most  superficial  grey  layer  into  two,  thus  making  six  in  all,  namely,  three  grey  and 
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Fig.  383.— Minute  Structure  op  the  Cerebral  Substance  (from  Kblliker),  magnified 

220  diameters. 

A,  cells  and  structural  elements  from  the  inner  part  of  the  cortical  substance  of  the 
cerebral  convolutions  :  a,  larger  cells,  chiefly  from  the  middle  grey  layer,  showing  a 
variable  number  of  radiating  processes  ;  b,  smaller  cells  from  the  more  superficial  grey 
layer,  in  part  belonging  to  connective  tissue ;  c,  a  nerve  fibre  with  its  axis-filament 
partly  exposed. 

B,  finest  nerve  fibres  from  the  superficial  white  layer  of  the  cortical  substance  of  a 
convolution,  some  showing  the  varicose  condition. 


The  cortical  grey  substance  consists  of  nerve-cells  of  rather  variable  size,  which  are 
angular,  fusiform,  round  or  oval  in  shape,  and  for  the  most  part  caudate,  and  lie  in  a 
granular  matrix  ;  also  of  small  nucleus-like  vesicles,  which  resemble  those  seen  in 
thc  cortical  substance  of  the  cerebellum,  and,  according  to  Todd,  are  here  also 
collected  into  a  special  stratum.  In  the  middle  grey  layer,  the  cells'  are  of  variable 
size,  some  being  so  small  as  to  resemble  nuclei ;  but  others  of  much  larger  dimen- 
sions are  abundant,  and,  according  to  Kblliker,  present  from  one  to  six  processes. 
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In  the  innermost  grey  layer  the  cells  have  similar  characters,  but  often  contain 
pigmentary  matter.  Tubular  fibres  exist  throughout:  those  of  one  set  run  parallel 
with  the  surface,  and  at  certain  depths  are  more  densely  aggregated,  so  as  to  form 
the  before-mentioned  white  layers :  they  are  also  present  in  the  intervening  grey 
strata,  but  there  they  are  wider  apart.  The  manner  in  which  they  begin  and  end  is 
not  known;  it  seems  not  improbable,  however,  that  they  are  dependencies  of  the 
commissural  system  of  fibres.  These  stratified  fibres,  if  they  might  be  so  called,  are 
intersected  by  another  set  of  tubular  fibres,  which  come  from  the  central  white 
mass  of  the  hemispheres,  and  run  perpendicularly  through  the  cortical  substance 
becoming  finer  and  spreading  more  out  from  each  other  as  they  approach  the  surface' 
The  further  disposition  of  these  central  or  perpendicular  fibres  is  uncertain: 
\  alentin  describes  them  as  forming  terminal  loops  or  arches,  but  this  is  denied  by 
Remak  and  Hannover.  Remak  states  that  they  gradually  disappear  from  view  at 
dillerent  depths,  as  they  pass  through  the  successive  lavers,  the  last  of  them  vanish- 
ing in  the  superficial  grey  stratum ;  but  he  is  unable  to  sav  positively  how  they 
terminate  It  sometimes  seemed  to  him  as  if  the  last  of  them,"  after  intersecting  the 
fibres  of  the  deeper  white  stratum,  became  continuous  with  those  of  the  outermost 
ayer;  but  of  this  he  by  no  means  speaks  confidently.  Hannover  maintains  that 
the  perpendicular  fibres  are  connected  at  their  extremities  with  the  nerve-cells  in 
the  cortical  substance. 

The  grey  matter  of  the  lamina  cinerea,  tuber  cinereum  and  posterior  perforated 
spot  appears  both  in  the  base  of  the  brain  and  in  the  floor  of  the  third  venule 
ihe  lamina  cinerea  is  connected  externally  with  the  grey  matter  of  the  anterior 
perforated  spot  and  from  that  point  a  continuity  of  grey  matter  can  be  traceJ  Z 

SSy'SSef  o°i ^tte}°lfaCt7bulb-  ^;hUS  alS°  established  be^  e  'th 

grey  matter  of  the  hemispheres  and  that  of  the  interior  of  the  brain 

oSde^&ThffirtaX  °f      C6rebrUm  ^  be  6Xamined  iQ  the 

In  the  crura  cerebri,  the  grey  matter  is  collected  into  a  dark  mass  the  locus 
niger  which  lies  between  the  crust  and  the  tegmentum,  and  is  alsolffuse amon^ 
the  fasciculi  of  the  tegmentum;  below  this  it  Is  continuous  with  tLt  of  the  Ton 

optic  thalami,  and Corpus  SI    ¥J»  ra^  commissure,  the  septum  lucidum, 

The  grey  matter  of  the  oplic  thalamus  constitutes  the  princioal  bulk  nf  fn.i  i  i 
it  is,  however,  part  ally  divided  into  ™  !nn».     7         pnncipat  oulk  of  that  body; 
passing  through  it.  &Q  mUer  and  aa  outer  Porfcio^  by  white  fibres 

The  corpus  striatum  contains  three  grey  centres    f  hn.t  Wni„i  *        «  . 
ventricular  portion  of  the  body,  and  is  Sw  il  ■  f<    >  f°rms  the  intra" 

and  with  that  portion  of  the  grey  matted  75,  „  7?  Wlth  ,the  lamina  cinerea> 
third  ventricle,  is  named  the  iZZ Tcautf       S  Which  is  seen  ia  ^ 

ventricular  portion,  named  nud^  UnUcT  -  ?6  P,nncipal  Centre  of  tbe  extra- 
caudatus,  is  separated  tom^^^'S^"*  iaferior  to  the  nucleus 
which,  as  it  passes  outwards,  appears  when  t  t  °f  the  fibrous  ™™> 

ing  from  behind  forwards,  anf  Srtd  bv  sir  ST*  "  U  bl'°ad  *Mte  baad  «te^ 
centre  to  the  other.  Between  the ^nucleus  ^  ?  ^  matter  P488^  fr°m  one 
lies  opposite  to  it,  there  intervenes t 1 Sjl?  * nd, 4,16  .Uand  of  ^  *«* 
nucleus  teenies  (Arnold),  or  «i^o53ffi^^  1  BM*»'  the 
is  seen  as  a  thin  line.    The  lenticular  uu.h  „    1  Ch' m  a  trausve^c  section, 

the  anterior  perforated  space.  ^  18  contmuous  with  the  grey  matter  ot 

The  corpus  striatum  and  optic  thalamus 
cortical  substance.    In  the  corpora  quadrlLmS^S  CCl'S  VCry  mUch  Uke  thoae  of  the 
in  size  to  those  of  the  cerebellum  beside,^?        n  a''e  larger  colla>  *PP*>aching 
The  dark  matter,  forming  the  SSaSt^l^.lS'  ^  miclei,'0,'m  boUic* 

mcus  nigcr  of  the  cerebral  peduncles,  and 
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that  in  the  floor  of  the  fourth  ventricle,  contain  caudate  cellR,  many  of  them  of  the 
largest  size,  with  long  appendages,  and  deeply  coloured  with  pigment.  (Hannover, 
Rech.  Microscop.  sur  le  Systeme  Nerveux.    Copenhagen,  1844). 

The  pineal  body,  like  the  pituitary  body,  has  already  been  sufficiently  described. 
The  deep  connection  of  some  of  the  cranial  nerves  with  the  basal  parts  of  the  cere- 
brum, as  well  as  that  of  others  with  the  remaining  portions  of  the  enccphalon,  will 
be  referred  to  in  the  description  of  these  nerves. 


THE  MEMBRANES  OP  THE  BRAIN  AND  SPINAL  CORD. 

The  cerebro-spinal  axis  is  protected  by  three  membranes,  named  also 
meninges.  They  are  : — 1.  An  external  fibrous  membrane,  named  the  dura 
mater,  which  closely  lines  the  interior  of  the  skull,  and  forms  a  loose  sheath 
in  the  spinal  canal  ;  2.  An  internal  areolo-vascular  tunic,  the  pia  mater, 
which  accurately  covers  the  brain  and  spinal  cord  ;  and  3.  An  intermediate 
serous  sac,  the  arachnoid  membrane,  which,  by  its  parietal  and  visceral 
layers,  covers  the  internal  surface  of  the  dura  mater  on  the  one  hand,  and 
is  reflected  over  the  pia  mater  on  the  other. 

THE  DURA  MATER. 

The  dura  mater,  a  very  strong  dense  inelastic  fibrous  tunic  of  considerable 
thickness,  is  closely  lined  on  its  inner  surface  by  the  outer  portion  of  the 


Fig.  384. 


Fig.  384. — The  Cranium  opened  to  snow  TnE  Falx  of  TnE  Cerebrum,  and  Tentorium 

op  the  Cerebellum,  i 

a,  right  side  of  the  falx  cerebri  ;  a',  its  anterior  narrow  part  attached  to  the  crista 
galli  ;  b,  tentorium  corebelli  of  the  right  side,  united  to  the  base  of  the  falx  cerebri 
from  2  to  3,  in  the  line  of  the  straight  sinns,  and  attached  to  the  superior  border 
of  the  petrous  bone  between  3  and  3'  ;  b',  aperture  between  the  right  and  left  divisions 
of  the  tentorium  for  the  isthmus  cerebri  ;  1,  1,  the  superior  longitudinal  sinus  ;  2,  2, 
the  inferior  ;  3,  3,  the  latei-al  sinus;  3,  3',  the  superior  petrosal  sinus  ;  3',  is  close  to 
the  anterior  clinoid  process. 


DURA  MATER. — FALX, — TENTORIUM. 
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arachnoid,  and  with  it,  therefore,  forms  a  Jibro-serous  membrane,  which  is 
free,  smooth,  and  epitheliated  on  its  inner  surface,  where  it  is  turned 
towards  the  brain  and  cord,  but  which,  by  its  outer  surface,  is  connected 
with  the  surrounding  parts,  in  a  somewhat  different  manner  in  the  cranium 
and  in  the  spinal  canal. 

The  outer  surface  of  the  cranial  portion  adheres  to  the  inner  surface  of 
the  bones,  and  forms  their  internal  periosteum.  The  connection  between 
the  two  depends,  in  a  great  measure,  on  blood-vessels  and  small  fibrous 
processes,  which  pass  from  one  to  the  other  ;  and  the  dura  mater,  when 
detached  and  allowed  to  float  in  water,  presents  a  flocculent  appearance  on 
its  outer  surface,  in  consequence  of  the  torn  parts  projecting  from  it.  The 
adhesion  between  the  membrane  and  the  bone  is  more  intimate  opposite 
the  sutures,  and  also  generally  at  the  base  of  the  skull,  which  is  uneven, 
and  perforated  by  numerous  foramina,  through  which  the  dura  mater  is 
prolonged  to  the  outer  surface,  being  there  continuous  with  the  pericranium. 
The  fibrous  tissue  of  the  dura  mater  becomes  blended  with  the  areolar 
sheaths  of  the  nerves,  at  the  foramina  which  give  issue  to  them. 

In  leaving  the  skull,  the  dura  mater  is  intimately  attached  to  the  margin 
of  the  foramen  magnum  ;  but  within  the  vertebral  canal  it  forms  a  loose 
sheath  around  the  cord  (theca),  and  is  not  adherent  to  the  bones,  which 
have  an  independent  periosteum.  Towards  the  lower  end  of  the  canal  a 
few  fibrous  slips  proceed  from  the  outer  surface  of  the  dura  mater  to  'be 
fixed  to  the  vertebrae.  The  space  intervening  between  the  wall  of  the 
canal  and  the  dura  mater  is  occupied  by  loose  fat,  by  watery  areolar  tissue 
and  by  a  plexus  of  spinal  veins.  ' 

Opposite  each  intervertebral  foramen  the  dura-matral  theca  presents  two 
openings,  placed  side  by  side,  which  give  passage  to  the  two  roots  of  the 
corresponding  spinal  nerve.  It  is  continued  as  a  tubular  prolongation  on 
the  nerve,  and  is  lost  in  its  sheath.  Besides  this,  it  is  connected  with 
the  circumference  of  the  foramen  by  areolar  tissue. 

The  fibrous  tissue  of  the  dura  mater,  especially  within  the  skull  is  divi- 
sible into  two  distinct  layers,  and  at  various  places  these  layers '  separate 
from  each  other  and  leave  intervening  channels,  called  sinuses  These 
sinuses,  which  have  been  elsewhere  described,  are  canals  for  venous  blood 
and  are  lined  with  a  continuation  of  the  internal  membrane  of  the  veins 

Ihe  dura  mater  also  sends  inwards  into  the  cavity  of  the  skull  three 
strong  membranous  processes,  or  partitions,  formed  by  duphcatio  of  its 
inner  layer  Of  these,  one  descends  vertically  in  the  median  plane  and  s 
received  into  lie  ongitudinal  fissure  between  the  two  hemispheres'  of  the 
cerebrum.  Tins  is  the  falx  cerebri.  The  second  is  an  arched  or  vaul  ed 
partition,  stretched  across  the  back  part  of  the  skull,  between  the  cerebrum 
and  the  cerebellum;  it  is  named  the  tentorium  cerebelli.'  Below  this nZl 
vertical  partition,  named  falx  cerebelli,  of  small  extent  v^  ^g^"* 
the  hemispheres  of  the  cerebellum.  P  U  between 

The  falx  cerebri  is  narrow  in  front  where  if  io  fi^i  j.  ±i 
and  broader  behind,  where  it  is  attahS to  the  midd  e  of°thfl  5^ 
of  the  tentorium,  alon-  which  line  nP  off    i  mid?le,of  the  "Pl^r  surface 
situated.    Along  ts  ^v^^nL    ^?**  ^  Straight  Sinus  ia 
middle  line  of  the  ^JEFfE?^  ^  to  ** 

tudinal  sinus.  Its  under  edge  is  free  and TacW  f  ^  SU,pen0r  ^ 
of  the  corpus  callosum,  approaching  art  to  ,°  ^Zl^  ,UsfcaQC° 
tains  the  inferior  longitudinal  sinus°  ^UCl    This  border  cou" 

The  tentorium,  or  tent,  is  elevated  in  the  middle,  and  declines  downwards 
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in  all  directions  towards  its  circumference,  thus  corresponding  in  form  with 
the  upper  surface  of  the  cerebellum.  Its  inner  border  is  free  and  concave,  and 
leaves  in  front  of  it  an  oval  opening,  through  which  the  isthmus  encephali 
descends.  It  is  attached  behind  and  at  the  sides  by  its  convex  border  to 
the  horizontal  part  of  the  crucial  ridges  of  the  occipital  bone,  and  there 
encloses  the  lateral  sinuses.  Farther  forward  it  is  connected  with  the  upper 
edge  of  the  petrous  portion  of  the  temporal  bone — the  superior  petrosal 
sinus  running  along  this  line  of  attachment.  At  the  point  of  the  pars 
petrosa,  the  external  and  internal  borders  meet,  and  may  be  said  to  inter- 
sect each  other — the  former  being  then  continued  inwards  to  the  posterior, 
and  the  latter  forwards  to  the  anterior  clinoid  process. 

The  falx  cerebelli  (falx  minor)  descends  from  the  middle  of  the  posterior 
border  of  the  tentorium  with  which  it  is  connected,  along  the  vertical  ridge 
named  the  internal  occipital  crest,  towards  the  foramen  magnum,  bifurcating 
there  into  two  smaller  folds.  Its  attachment  to  the  bony  ridge  marks  the 
course  of  the  posterior  occipital  sinus,  or  sinuses. 

Structure. — The  dura  mater  consists  of  white  fibrous  and  elastic  tissue,  arranged 
in  bands  and  lamina;,  crossing  each  other.  It  is  traversed  by  numerous  blood-vessels 
which  are  chiefly  destined  for  the  hones.  Minute  nervous  filaments,  derived  from 
the  fourth,  fifth  and  eighth  cranial  nerves,  and  from  the  sympathetic,  are  described 
as  entering  the  dura  mater  of  the  brain.  Nervous  filaments  have  likewise  been 
traced  in  the  dura  mater  of  the  spinal  column.  (Luschka  and  Riidinger,  quoted  by 
Hyrtl.) 

THK  PI  A  MATER. 

The  pia  mater  is  a  delicate,  fibrous,  and  highly  vascular  membrane, 
which  immediately  invests  the  brain  and  spinal  cord. 

Upon  the  hemispheres  of  the  brain  it  is  applied  to  the  entire  cortical 
surface  of  the  convolutions,  and  dips  into  all  the  sulci.  From  its  internal 
surface  very  numerous  small  vessels  enter  the  grey  matter  and  extend  for 
some  distance  perpendicularly  into  the  substance  of  the  brain.  The  inner 
surface  of  the  cerebral  pia  mater  is  on  this  account  very  flocculent,  and  is 
named  tomentum  cerebri.  On  the  cerebellum  a  similar  arrangement  exists, 
but  the  membrane  is  finer  and  the  vessels  from  its  inner  surface  are  not  so 
long.  The  pia  mater  is  also  prolonged  into  the  ventricles,  and  there  forms 
the  velum  interpositum  and  choroid  plexuses. 

Structure. — The  pia  mater  consists  of  interlaced  bundles  of  areolar  tissue,  con- 
veying great  numbers  of  blood-vessels ;  and,  indeed,  its  peculiar  office,  both  on  the 
brain  and  spinal  cord,  seems  to  be  that  of  providing  a  nidus  or  matrix  for  the 
support  of  the  blood-vessels,  as  these  are  subdivided  before  they  enter  the  nervous 
substance.  According  to  Fohmann  and  Arnpld  it  contains  numerous  lymphatic 
vessels.  Purkinje  describes  a  retiform  arrangement  of  nervous  fibrils,  derived,  accord- 
ing to  Kolliker  and  others,  from  the  sympathetic,  the  third,  sixth,  facial,  pueumo- 
gastric  and  accessory  nerves. 

On  the  spinal  cord  the  pia  mater  has  a  very  different  structure  from  that 
which  it  presents  on  the  encephalon,  so  that  it  has  even  been  described  by 
some  as  a  different  membrane  under  the  name  neurilemma  of  the  cord.  It 
is  thicker,  firmer,  less  vascular,  and  more  adherent  to  the  subjacent  nervous 
matter  :  its  greater  strength  is  owing  to  its  containing  fibrous  tissue,  which 
is  arranged  in  longitudinal  shining  bundles.  A  reduplication  of  this  mem- 
brane dips  down  into  the  anterior  fissure  of  the  cord,  and  serves  to  conduct 
blood-vessels  into  that  part.  A  thinner  process  passes  into  the  greater  part 
of  the  posterior  fissure.     At  the  roots  of  the  nerves,  both  in  the  spine  and 
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in  the  cranium,  the  pia  mater  becomes  continuous  with  the  neurilemma.  It 
is  supplied  with  nerves  from  the  sympathetic. 

Towards  the  upper  part  of  the  cord,  the  pia  mater  presents  a  greyish 
mottled  appearance,  which  is  owiug  to  pigment  particles  deposited  within 
its  tissue. 

THE  ARACHNOID  MEMBRANE. 

The  arachnoid  is  a  very  fine  delicate  serous  membrane,  which,  like  other 
membranes  of  that  class,  forms  the  lining  boundary  of  a  shut  sac.  The 
walls  of  this  sac  consist  of  two  portions,  one  of  which,  a  distinct  membrane 
on  the  surface  of  the  pia  mater,  is  the  visceral  or  cerebral  layer  of  the 
arachnoid,  while  the  other,  giving  the  smooth  surface  presented  by  the  dura 
mater  on  its  interior,  is  described  by  some  anatomists  as  the  parietal  layer 
of  the  arachnoid,  while,  according  to  the  view  taken  by  others,  it  is  merely 
the  serous  surface  of  the  dura  mater. 

The  parietal  wall  of  the  arachnoid  space  is  invested  with  a  layer  of  polygonal 
epithelial  cells,  which  are  flattened  and  nucleated.  Besides  this,  it  presents 
in  the  greater  part  of  its  extent  no  tissue  distinct  from  the  dura  mater  ;  and 
hence  it  is  that  Kolliker  and  others  object  to  the  term  parietal  layer  of 
the  arachnoid  membrane  as  applied  to  the  structure  of  this  surface.  It  may 
be  mentioned,  however,  that  in  certain  recesses,  as  for  example  at  the  sides 
of  the  crista  galli,  and  between  the  trabecule  into  which  the  deep  fibres  of 
the  dura  mater  are  thrown  in  the  neighbourhood  of  the  superior  longitudinal 
sinus,  a  small  amount  of  delicate  connective  tissue  beneath  the  epithelium 
may  be  distinguished  from  the  dense  fibres  of  the  dura  mater. 

The  visceral  layer  of  the  arachnoid  is  a  distinct  transparent  membrane 
which  passes  over  the  various  eminences  and  depressions  on  the  cerebrum 
and  cerebellum,  without  dipping  into  the  sulci  and  smaller  fissures  •  nor  is 
it  uniformly  and  closely  adherent  to  the  pia  mater.  The  interval  left 
between  the  arachnoid  membrane  and  pia  mater  is  named  generally  the 
subarachnoid  space.  J 

•  T!f  suba™chn°id  space  is  ™der  and  more  evident  in  some  positions  than 
Z  theTV  ^k'  I"  ^  l0n*itudinal  fiss«re>  ^  arachnoid  doe's  not  descend 
1 iSL  V  \°m'  k  PaT  aCr°S8'  """"^  below  the  edge  of  the  falx,  at 
a  little  distance  above  the  corpus  callosum.  In  the  interval  thus  left  the 
arteries  of  he  corpus  callosum  run  backwards  along  that  body.  At  the 
base  of  the  brain  and  in  the  spinal  canal  there  is  a  wide  interval  between 
the  arachnoid  and  the  pia  mater.  In  the  base  of  the  brain,  this  subarachlold 
space  extends  m  front  over  the  pons  and  the  interpeduncular  recess as  for 
forwards  as  the  optic  nerves,  and  behind  it  forms  a  considering  , 
between  the  cerebellum  and  the  back  of  the  mec  u  la  ob t T 
spina  canal  it  surrounds  the  cord,  forming  a  space  of  considerfb '  extent 

of^cerebro^^^ 

branous  partition,  which  passes  in  thf  ™  r  ThlS  13  *  thin  mem" 

covering  the  posterior  mediae  of  ZlZ  ttZ  *"*  ^  PJ 
loose  portion  of  the  arachnoid  membrane     n  l  £       ??°Slt°  Patt  °f  the 
and  consists  of  bundles  of  white  fibres  interl Z ^ ^  *f  cribriform  5 
another.    Fibrous  bands  of  the  same  llf  m0T°  °r  leSS  with  one 

oi  tne  same  texture  pass  across  the  subarachnoid 
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space  in  various  situations  both  within  the  spinal  canal  and  at  the  base  of 
the  brain,  stretching  thus  from  the  arachnoid  membrane  to  the  pia  mater. 

Fig.  385.  Fig.  385.  Transverse  Seotion  op  the  Spinal 

Cord  and  its  Envelopes  (from  Sappey  after 
Hirschfeld  and  Leveille"). 

1,  dura  mater  or  theca  ;  2,  parietal  layer  of 
the  arachnoid  membrane  ;  3,  internal  or  loose 
arachnoid ;  4  and  7,  subarachnoid  cavity  or 
space  ;  5,  hinder  part  of  the  antero -lateral 
column  ;  6,  space  between  the  arachnoid  and  the 
dura  mater,  or  between  the  inner  and  outer  folds 
of  the  arachnoid  membrane  ;  8,  reflection  of  the 
one  fold  into  the  other  ;  9,  sheath  furnished  to  the  spinal  nerve  by  the  dura  mater  ;  10 
posterior  ganglionic  root  ;  11,  smaller  anterior  root ;  12,  section  of  the  ligamentum 
deuticulatum.  This  figure  does  not  show  the  septum  which  posteriorly  divides  the 
subarachnoid  space  into  right  and  left  parts :  this  would  be  placed  between  the  arachnoid 
at  3,  and  the  pia  mater  covering  the  posterior  surface  of  the  cord. 


As  the  cerebral  and  spinal  nerves  proceed  to  their  foramina  of  exit  from 
■within  the  dura  mater,  they  are  loosely  surrounded  by  tubular  sheaths  of 
the  arachnoid  membrane,  which  extend  along  each  nerve  from  the  visceral 
to  the  parietal  layer. 


Structure. — When  examined  under  the  microscope,  the  visceral  or  true  arach- 
noid is  found  to  consist  of  very  distinctly  separated  riband-like  bundles  of  fibrous 
tissue  interlaced  with  one  another,  and  a  simple  layer  of  scaly  epithelium  on  the 
surface.  Volkmaun  has  described  a  rich  plexus  of  nerves  in  the  arachnoid  mem- 
brane of  certain  ruminants.  Kolliker  has  failed  to  detect  their  presence ;  but  they 
have  been  again  described  by  Bochdalek,  who  traces  them  to  the  portio  minor  of  the 
fifth,  the  facial,  and  accessorius  nerves ;  and  they  have  likewise  been  followed  by 
Luschka. 

Cerebrospinal  fluid. — This  is  a  very  limpid  serous  fluid,  which  occupies  the  sub- 
arachnoid space.  When  collected  immediately'  after  death,  its  quantity  was  found 
by  Magendie  in  the  human  subject  to  vary  from  two  drachms  to  two  ounces.  It  is 
slightly  alkaline,  and  consists,  according  to  an  analysis  by  Lassaigne,  of  98'5  parts 
of  water,  the  remaining  1*5  per  cent,  being  solid  matter,  animal  and  saline.  In 
experiments  made  on  the  dog,  it  was  found  by  Magendie  to  be  reproduced  in  thirty- 
six  hours,  after  it  had  been  drawn  off  by  puncturing  the  membranes  at  the  lower 
part  of  the  cord.  When  pressure  is  made  upon  the  brain,  the  quantity  of  fluid  in  the 
spinal  subarachnoid  space  is  increased,  and  conversely,  it  may  be  forced  from  the 
spinal  cavity  upwards  into  the  cranium. 

Ligamentum  denticulaium. — This  is  a  narrow  fibrous  band  which  runs  along 
each  side  of  the  spinal  cord  in  the  subarachnoid  space,  between  the  anterior 
and  posterior  roots  of  the  nerves,  commencing  above  at  the  foramen  mag- 
num, and  reaching  down  to  the  lower  pointed  end  of  the  cord.  By  its 
inner  edge  this  band  is  connected  with  the  pia  mater  of  the  cord,  while  its 
outer  margin  is  widely  denticulated  ;  and  its  denticulations,  traversing  the 
arachnoid  space,  with  the  arachnoid  membrane  reflected  over  them,  are 
attached  by  their  points  to  the  inner  surface  of  the  dura  mater,  and  thus 
serve  to  support  the  cord  along  the  sides  and  to  maintain  it  in  the  middle 
of  the  cavity.  The  first  or  highest  denticulation  is  fixed  opposite  the 
margin  of  the  foramen  magnum,  between  the  vertebral  artery  and  the 
hypoglossal  nerve  ;  and  the  others  follow  in  order,  alternating  with  the 
successive  pairs  of  spinal  nerves.  In  all,  there  are  about  twenty-two  of 
these  points  of  insertion.     At  the  lower  end,  the  ligamentum  dcnticulatum 
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may  be  regarded  as  continued  into  the  terminal  filament  of  the  spinal 
cord,  which  thus  connects  it  to  the  dura  mater  at  the  lower  end  of  the 
sheath.     (See  Figures  341  and  342.) 

Structure. — It  consists  of  white  fibrous  tissue,  mixed  with  many  exceedingly  fine 
elastic  fibres  which  are  seen  on  applying  acetic  acid.  It  is  obviously  continuous 
on  the  one  hand  with  the  fibrous  tissue  of  the  pia  mater,  and  on  the  other  with  that 
of  the  dura  mater. 

The  pia  mater  of  the  cord  presents  a  conspicuous  fibrous  band,  running 
down  in  front  over  the  anterior  median  fissure.  This  was  named  by  Haller3 
linea  splendens. 

Glandulce  PaccMoni.— Upon  the  external  surface  of  the  dura  mater,  in 
the  vicinity  of  the  longitudinal  sinus,  are  seen  numerous  small  pulpy-looking 
elevations,  generally  collected  into  clusters,  named  glands  of  Pacchioni 
The  inner  surface  of  the  calvarium  is  marked  by  little  pits,  which  receive 
these  eminences.  Similar  excrescences  are  seen  on  the  internal  surface  of 
the  dura  mater,  and  upon  the  pia  mater  on  each  side  of  the  longitudinal 
sinus,  and  also  projecting  into  the  interior  of  that  sinus. '  Occasionally  thev 
are  found  also  in  other  situations. 

These  bodies  are  not  found  at  birth;  and  according  to  the  brothers 
Wenze  1  they  exist  only  in  very  small  number,  if  at  all,  before  the  third  year 
After  the  seventh  year  they  are  usually  found,  and  they  increase  in  number 
greatly  as  life  advances  ;  in  some  cases,  however,  they  are  altogether  want- 
ing   In  animals  there  appears  to  be  no  corresponding  structure 

On  a  careful  examination  of  the  connections  of  these  bodies  it  will  be 

wSn  ft  In    f^T8'  f°Und  0n  th6  °Uter  SUrface  of  the  *™  ™ter  and 
within  the  longitudinal  sinus,  m  no  instance  take  origin  in  those  positions 

but  that  they  are  grape-like  bodies  which  are  attached  more  deeply" d  t 

their  growth  have  perforated  the  dura  mater.    Their  precise  origin  and  nature 

were  long  the  subject  of  conflicting  opinions,  but  /has  been  sati  nactori ^ 

shown  by  Luschka  that  they  are  only  an  enlarged  condition  of  norm  vnH 

Th  rr'nrt      rr'111"  *"*.  Q°  ^  is  iu™lved  *  their  formation 

Their  most  prolific  source  is,  as  one  may  very  soon  discover,  the  cerebral  or 
generally  acknowledged  layer  of  the  arachnoid,  but  they  likewLeTrLe  I  a 
similar  manner  from  the  serous  surface  of  th*  rf„™  m  *  f 

ssS— ?  asi^  SSHS 

q      i  '  ™  i   5  ^       Die  Adergefle^te  des  Menschl  chen  Gehirns  »Tfi1« 
See  also  Cleland  "On  Tnmmira  nf  +t,„  t\       »«■  ,       .   u  ^emrns,  J8o5. 

Medical  Journal,  1863.)  °  DUra  Mater'  &C-'"  in  the  Gl™S°" 
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having  passed  across  th  ^^racWd  cavltv  eni —ral  arteries, 
then  divide  and  subdivide  ^TTj^J  Z  ^subarachnoid  space  and 
in  the  nervous  centres,  ^^^^m.^wt^^c^on 
remarked,  are  more  deeply  placed  in  he  vli  T  ^  Md'  tt  ^  be 
smaU  veins,  which  do  Ut  J^^ytJ^.6^^  ^  than  the 
course  and  are  seen  upon  the  surface  of  the  PUISUe  *  diff<3reut 

Moreover,  it  is  to  be  observed  that    l  •  i  ,  .ter- 

arteries  are  situated  at  the  base  'of  theTrai!    »  °f  the 

Diain,  the  pruicipal  veins  tend 
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towards  the  upper  surface  of  the  hemispheres,  where  they  enter  the  superior 
and  inferior  longitudinal  sinuses  :  the  veins  of  Galen,  however,  coming 
from  the  lateral  ventricles  and  choroid  plexuses, .  run  backwards  to  the 
straight  sinus. 


SIZE  AND  WEIGHT  OF  THE  ENCEPHALON. 

Tn  the  following  table  illustrating  the  average  weight  of  the  adult  male  and  female 
brain,  the  results  obtained  by  Sims,  Clendinning,  Tiedemann,  and  J.  Reid  have 
been  brought  together  in  such  a  form  as  to  exhibit  in  groups  the  most  commonly 
prevailing  weights ;  the  numbers  being  also  simplified  by  the  omission  of  fractions. 
(Sims,  "  Medico-Chirurg.  Trans.,"  vol.  xix.,  pp.  353—7;  Clendinning,  "  Medico- 
Chirurg.  Trans.,"  vol.  xxi.,  pp.  59 — 68 ;  Tiedemann,  "  Das  Him  des  Negers," 
Heidelberg,  1837,  pp.  6,  7;  Reid,  "London  and  Edinburgh  Monthly  Journal  of 
Medical  Science,"  April,  1843,  p.  298,  fee.) 


Table  of  the  Average  Weight  of  the  Male  and  Female  Brain. 


Males,  aged  21  years  and  upwards. 


5  & 

i  hp 


Number  of  braius 
at  each  weight 
observed  by 


2  — 
8  "3 


Classification 
into  throe 
groups, 
to  show  the 
prevailing 
■weight. 


1  ^ 
2 
1 
4 

?  \ 


11 
12 

15  J 

20 
18 
25 

26  ' 
27 
15 

20 ; 
ii " 

6 
7 
2 
7 
6 
1 
3 
1 
1 
1 


from 

34  oz. 

to 
45  oz. 


from 
46  oz. 
to 

53  °z- 


from 
54  oz. 

to 
65  oz. 


Tot.  35+78+39  +  126  =  278. 


Females,  aged  21  years  and  upwards. 


*& 

A 
SB 

3 


Number  of  brains 
at  each  weight 
observed  by 


49 
50 
S1 
52 
53 
54 
56 

Tot.  30+72+12  +  77  =  191 


1 

2 

1    —  — 


Classification 
into  three 
groups, 
to  show  the 
prevailing 
weight. 


1 
1 
2 
4 

e 

2 
6 

10  J 
12  ^ 
13 
L9 
22 
•jo 
25 
14  J 
6  ^ 
10 
7 
6 

1  f 
1 

li 


<f.  r 

3 


from 
31  oz. 

to 
40  oz. 


from 
41  oz. 

to 
47  oz. 


from 
48  oz. 

to 
56  oz. 


According  to  this  table,  the  maximum  weight  of  the  adult  male  brain,  in  a  scries  of 
278  cases,  was  65  oz.,  and  the  minimum  weight  34  oz.  In  a  series  of  191  cases,  the 
maximum  weight  of  the  adult  female  brain  was  56  oz.,  and  the  minimum  31  oz.  ;  the 
difference  between  the  extreme  weights  in  the  male  subject  being  no  less  than  31  oz., 
and  in  the  female  25  oz.  By  grouping  the  cases  together  in  the  manner  indicated  by 
brackets  it  is  shown  that  in  a  very  large  proportion  the  weight  of  the  male  brain 
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ranges  between  46  oz.  and  53  oz.,  and  that  of  the  female  brain  between  41  oz.  and 
47  oz.  The  prevailing  weights  of  the  adult  male  and  female  brain  may  therefore  be 
said  to  range  between  those  terms ;  and  by  taking  the  mean,  an  average  weight  is 
deduced  of  49^  oz.  for  the  male,  and  of  44  oz.  for  the  female  brain, — results  which 
correspond  closely  with  the  statements  generally  received. 

Although  many  female  brains  exceed  in  weight  particular  male  brains,  the  general 
fact  is  sufficiently  shown,  that  the  adult  male  encephalon  is  heavier  than  that  of  the 
female.— the  average  difference  being  from  5  to  6  oz.  This  general  superiority  in 
absolute  weight  of  the  male  over  the  female  brain  has  been  ascertained  to  exist  at 
every  period  of  life.  In  new-born  infants  the  brain  was  found  by  Tiedemann  to  iveigh 
on  an  average  from  14|  oz.  to  15f  oz.  in  the  male,  and  from  10  oz.  to  12,\  oz.  in  the 
female  :— a  fact  of  considerable  interest  in  practical  midwifery,  for  it  has  been  shown 
that  difficult  labours  occur  in  by  far  the  largest  number  in  the  birth  of  male  children. 
(Simpson,  London  and  Edinburgh  Monthly  Journal  of  Medical  Science,  1845.) 

With  the  above  results  the  observations  of  Peacock,  published  in  the  "  Monthly 
Journ.  of  Med.  Science  "  for  1847,  and  further  observations  by  the  same  author  in 
the  "Journ.  of  the  Pathol.  Soc."  in  1860,  in  the  main  agree. 

The  elaborate  table  compiled  by  Rudolph.  Wagner,  and  published  in  his  "  Vorstudien 
zu  einer  Wissensch.  Morphol.  und  Physiol,  des  Menschl.  Gehirns,"  1860  containing 
964  recorded  cases  in  which  the  weight  of  the  brain  had  been  ascertained,  may  also  be 
referred  to  as  another  recent  useful  contribution  to  the  knowledge  of  this  subject. 

In  illustration  of  the  variation  in  the  average  weight  of  the  brain  at  different  ages 
the  following  table  is  given,  deduced  from  the  elaborate  researches  of  Dr  Robert 
Boy  A  in  the  examination  of  the  brains  of  2,086  sane  persons  of  both  sexes  dying  in  the 
fet.  JMarylebone  Infirmary,  and  published  in  the  Philos.  Trans,  for  1860.  The  weights 
are  stated  in  oz.  avoird.  and  decimal  fractions  of  them. 

Table  of  the  Weight  of  the  Brain  of  Males  and  Females  at  different  Ages: 


Periods  of  Life. 


Males. 


prematurely  still 


1  Children 

born  . 

2  Children    still-born    at  full 

period   

3  New-born  infants  . . . 

4  Under  3  months  

5  From  3  to  6  months  . 
0    From  6  to  12  months 

7  From  1  to  2  years  . .  . 

8  From  2  to  4  years  . . . 

9  From  4  to  7  years  . . . 
10    From  7  to  14  years  . 


11  From  14  to  20  years 

12  From  20  to  30  years  . 

13  From  30  to  40  years  . 

14  From  40  to  50  years  . 

15  From  50  to  00  years  . 

16  From  60  to  70  years  . 

17  From  70  to  80  years  . 

18  Upwards  of  80  years . 


h 

> 

< 


Persons  above  14  years 
Persons  from  14  to  70  years 


Number 
weighed. 

Maximum. 

Minimum. 

Average. 

25 

13.1 

1.81 

5.6 

43 

22. 

9.37 

13.87 

15.37 

6. 

11.65 

16 

32.75 

10.5 

17.42 

IS 

0.75 

10.75 

21.29 

46 

36.13 

17.75 

27.42 

34 

41.25 

23.25 

33.25 

29 

50.5 

30.5 

3S.71 

27 

49.5 

24.5 

40.23 

22 

57.25 

39.25 

45.96 

19 

58.5 

36.5 

48.54 

59 

57. 

39.25 

47.9 

no 

60.75 

33.75 

48.2 

137 

60. 

33.75 

47.75 

"9 

59. 

30.5 

47.44 

127 

59.5 

86.25 

46.4 

104 

55.25 

37.75 

45.5 

24 

53.75 

41. 

45.34 

699 
571 

58. 
59.12 

36.1 
85. 

47.1 
47.7 

Females. 


Average. 

Minimum. 

Maximum. 

Number 
weighed. 

4.62 

1.29 

9.13 

18 

12.25 

10. 

15.94 

19.76 

25.7 

29.8 

34.97 

40.11 

40.78 

8. 

1.75 
11. 
13. 
16.37 
18. 
27.75 
34.75 
34. 

15.12 

16. 

32.5 

34.75 

39  13 

37. 

44.5 

48.25 

62. 

31 
39 
20 

25 
40 

33 
29 

19 
18 

43.94 

43.7 

43.09 

42.81 

43.12 

42.69 

37.5 

35.75 

33.25 

27.5 

36.25 

32.5 

52. 

55.25 

58. 

52.5 

52.5 

54. 

16 
72 
89 
106 
103 
149 

41.27 
39.77 

29.25 
33.25 

49.S 
48.  ' 

148 
77 

42.5 

33.1 

52.1 

760 

48.15 

33.8 

63.15 

535 

^uaioinists  nave  uitiered  considerably  in  tW 
the  brain  attains  its  full  size,  and  also  asl       8*^xn«ntB  as  to  the  period  at  which 
weight  of  this  organ.    Soemmerring  held  that  thf  K  in  diminishing  the 

S  nem  mat  the  brain  reached  its  full  size  as  early 
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as  tjie  third  year ;  the  Wenzels  and  Sir  W.  Hamilton  fixed  the  period  about  the  seventh 
and  iiedemann  between  the  seventh  and  eighth  years.  Gall  and  Spurzheim  were 
ot  opinion  that  the  brain  continued  to  grow  until  the  fortieth  year.  The  observations 
ol  Sims,  Tiedemann  and  Reid  appear  to  show  that  in  both  sexes  the  weight  of 
the  brain  in  general  increases  rapidly  up  to  the  seventh  year,  then  more  slowly  to 
between  sixteen  and  twenty,  and  again  more  slowly  to  between  thirty-one  and  fortv, 
at  which  time  it  reaches  its  maximum  point.  Beyond  that  period,  there  appears'a 
slow,  but  progressive  diminution  in  weight  of  about  1  oz.  during  each  subsequent 
decennial  period ;  thus  confirming  the  opinion,  that  the  brain  diminishes  in  advanced 
life.  According  to  Peacock,  the  maximum  weight  of  the  brain  is  attained  between 
the  ages  of  twenty  and  thirty  years.  The  table  of  Boyd  inserted  above  would  appear 
to  show  a  somewhat  earlier  period  as  that  at  which  the  maximum  is  reached  in  both 
sexes,  and  that  the  period  of  decline  scarcely  begins  before  sixty  years.  With  this 
result  the  observations  of  Huschke,  made  upon  the  brains  of  359  men  and  245  women, 
in  general  agree.  ("  Schiidel,  Hirn  und  Seele  des  Menschen  und  der  Thiere,  &c./' 
1854.) 

All  other  circumstances  being  alike,  the  size  of  the  brain  appears  to  bear  a  general 
relation  to  the  mental  power  of  the  individual,— although  many  instances  occur  in  which 
thi3  rule  is  not  applicable.  The  brain  of  Cuvier  weighed  upwards  of  64  oz.,  and  there 
are  other  recorded  examples  of  brains  belonging  to  men  of  great  talent  which  nearly 
equalled  it  in  weight.  (Emille  Rousseau,  "  Maladie  et  autopsie  de  M.  G.  Cuvier," 
Lancette  Franchise,  Mai  26,  1832.)  On  the  other  hand,  the  brain  in  idiots  is  remark- 
ably small.  In  three  idiots,  whose  ages  were  sixteen,  forty,  and  fifty  years,  Tiedemann 
found  the  weight  of  their  respective  brains  to  be  19a  oz.,  25f  oz.,  and  22£  oz. ;  and 
Dr.  Sims  records  the  case  of  a  female  idiot  twelve  years  old,  whose  brain  weighed 
27  oz.  Allen  Thomson  has  found  the  brain  of  a  dwarfish  idiot  girl  seventeen  years  of 
age  to  weigh  18^  oz.  after  preservation  in  alcohol. 

The.  human  brain  is  found  to  be  absolutely  heavier  than  that  of  all  the  lower 
animals  except  the  elephant  and  whale.  The  brain  of  the  elephant,  according  to 
Perrault,  Moulins,  and  Sir  A.  Cooper,  weighs  between  8  and  10  lbs. ;  whilst  that 
of  the  whale  was  found  by  Rudolphi,  in  a  specimen  75  feet  long,  to  weigh  upwards 
of  5  lbs. 

The  relative  weight  of  the  encephalon  to  the  body  is  liable  to  great  variation ; 
nevertheless,  the  facts  to  be  gathered  from  the  tables  of  Clendinning,  Tiedemann,  and 
Reid,  furnish  this  interesting  general  result : — In  a  series  of  81  males,  the  average 
proportion  between  the  weight  of  the  brain  and  that  of  the  body,  at  the  ages  of  twenty 
years  and  upwards,  was  found  to  be  as  1  to  36-5  ;  and  in  a  series  of  82  females,  to  be 
as  1  to  36'46.  In  these  cases,  the  deaths  were  the  result  of  more  or  less  prolonged 
disease;  but  in  6  previously  healthy  males,  who  died  suddenly  from  disease  or 
accident,  the  average  proportion  was  1  to  40-8. 

The  proportionate  weight  of  the  brain  to  that  of  the  body  is  much  greater  at  birth 
than  at  any  other  period  of  life,  being,  according  to  Tiedemann,  about  1  to  5  85  in  the 
male,  and  about  1  to  6  5  in  the  female.  From  the  observations  already  referred  to, 
it  further  appears  that  the  proportion  diminishes  gradually  up  to  the  tenth  year, 
being  then  about  1  to  14.  From  the  tenth  to  the  twentieth  year,  the  relative  increase 
of  the  body  is  most  striking,  the  ratio  of  the  two  being  at  the  end  of  that  period 
about  1  to  30.  After  the  twentieth  year,  the  general  average  of  1  to  36.5  prevails, 
with  a  further  trifling  decrease  in  advanced  life. 

Viewed  in  relation  to  the  weight  of  his  body,  the  brain  of  man  may  be  stated 
generally  to  be  heavier  than  the  brains  of  the  lower  animals ;  but  there  are  some 
exceptions  to  the  rule,  as  in  the  case  of  certain  species  of  small  birds,  in  the  smaller 
apes,  and  in  some  small  rodent  animals. 

The  attempts  hitherto  made  to  measure  or  estimate  the  relative  proportions  of  the 
different  convoluted  parts  of  the  cerebrum  to  each  other  and  to  the  degree  of  intelli- 
gence, either  more  directly  or  by  the  cranioscopic  methods,  have  as  yet  been  attended 
with  little  success.  The  more  recent  researches  of  Rudolph  Wagner,  which  have  been 
farther  prosecuted  by  his  son,  hold  out  some  promise  when  fully  carried  out  to  afford 
more  definite  results. 

These  researches  had  for  their  object  to  institute  an  accurate  comparison  between 
the  brains  of  certain  persons  of  known  intelligence,  cultivation,  and  mental  power, 
and  those  of  persons  of  an  ordinary  or  lower  grade.    As  examples  of  brains  of  men  of 
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superior  intellect  he  selected  those  of  Professor  Gauss,  a  well-known  mathematician  ot 
eminence,  and  Professor  Fuchs,  a  clinical  teacher;  and  as  examples  of  brains  of 
ordinary  persons,  those  of  a  woman  of  29  and  a  workman  named  Krebs,  all  of  which 
he  examined  and  measured  with  scrupulous  care. 

The  general  result  of  11.  Wagner's  researches  upon  these  and  other  brains  may  be 
stated  to  be  as  follows :— 1st.  Although  the  greatest  number  of  brains  belonging  to  men 
of  superior  intellect  are  found  to  be  heaviest  or  largest,  yet  there  are  so  many  instances 
in  which  the  brains  of  such  persons  have  not  surpassed,  or  have  even  fallen  below  the 
average  size  of  the  brains  of  ordinary  persons,  that  superiority  of  size  cannot  in  the 
present  state  of  our  knowledge  be  regarded  as  a  constant  accompaniment  of  superiority 
of  intellect,  even  when  due  regard  has  been  paid  to  the  comparative  stature  and  other 
circumstances  of  the  individuals. 

2nd.  It  would  appear  that  in  the  brains  of  certain  persons  of  superior  intellect, 
the  cerebral  convolutions  have  been  found  more  numerous  and  more  deeply 
divided  than  in  those  of  persons  of  ordinary  mental  endowments  and  without 
cultivation.  But  numerous  exceptional  instances  are  also  found  of  paucity  of  convolu- 
tions coincident  with  superior  intellect,  which  make  it  impossible  at  present  to  deduce 
any  certain  conclusion  with  respect  to  the  relation  between  the  number  or  extent 
of  the  convolutions  and  the  intellectual  manifestations  in  different  persons. 

The  careful  measurement  of  all  the  convolutions  and  the  intervening  grooves  in  the 
four  brains  above  mentioned  has  been  carried  out  by  the  younger  Wagner, 
and  the  tables  and  results  of  these  measurements  published  by  him  as  an  appendix  to 
hi3  father's  treatise.  (Hermann  Wagner,  "  Maasbestimmungen  der  Oberflache  des 
Grossen  Gehirns,"  &c,  Cassel  und  Gottingen,  1864.) 

The  following  short  table,  extracted  from  Hermann  Wagner's  memoir,  and  simplified 
by  the  omission  of  small  fractions  and  by  the  reduction  of  the  measurements  from 
square  millimetres  to  English  square  inches,  may  give  the  reader  some  idea  of  the 
nature  of  the  inquiry  : — 

Comparative  measurement  of  the  extent  of  surface  of  the  Convolutions  of  the 

Cerebrum  and  its  lobes. 


Surface  of  each  lobe  soparatcly. 

Free  and  deep 
surfacosof  cerebrum. 

Who'o 

Frontal. 

Parietal. 

Occipital. 

!  Temporal. 

Free 
surface. 

Deep  or 
covered 
surface. 

surface 
of 

Cerebrum. 

1. 

Gauss  

139. 

70.0 

59.4 

68.4 

112.8 

228.2 

341 

2. 

143.4 

09.5 

59. 

07.5 

110.7 

231.3 

342 

3. 

Woman 

130. 

05. 

51. 

06.8 

107.5 

209.9 

817.5 

4. 

Workman  ... 

113.2 

02.3 

50.5 

62. 

97.4 

193  0 

291. 

WEIGHT  OF  THE  SEVERAL  PARTS  OF  THE  ENCEPHALON". 
mnt8  ^f/S?  °f  ?b8e1r™tion8  made     reference  to  this  subject,  on  the  brains  of  53 


Average  weight  of  cerebrum  . 
„  cerebellum 

pons  and  medulla  oblongata . 


Males. 

oz.  drs. 

43  15| 
5  4 
0  152 


Females, 
oz.  drs. 
38  12 
4  12,} 
1  0} 


Difforenco. 
oz.  drs. 
5  8| 
0  7? 
0  04 


W*hA  "      u    ,     entireencePhaIon-       •    60     34      44     84       5  11 
"  itu  these  results  the  observations  of  a   ■    j  c 

of  the  brains  of  22  females,  and  38  males!  mS^  Jg?  ^  a  8PCCial  ex*minaUon 
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cerebri1  i!8  £  ^PPears,tbat  «ie  Proportionate  weight  of  the  cerebellum  to  that  of  the 
cerebrum  is,  in  the  male,  as  1  to  8f,  and  in  the  female  as  1  to  84.    The  cerebellum 

5?  S  XT:?  we!§htnrom  tlle  urnii"mh  to  the  forticUi  £  ■>  *5£SS 

iatho?!   %i      ?^  e°ntVnar  18  Sh°wn  t0  be  "^lively  greater  ™  the  female  than 
Ti    i  »  Th,e1Bibole  cerebellum  apart  from  the  pons  and  medulla  is  heavier  in  the 
male;  the  lateral  lobes  of  the  cerebellum  are  also  heavier  in  the  male.    In  the  male 
the  vermiform  process  increases  gradually  from  the  twentieth  to  the  fiftieth  year  ■  in 

dtinXs%apidriymamS  8tati°naiT  ^  a'ld  after  the  fiftieth  J« 

hrlVu  nteWLb°r ,  ^S?  th?  ?U°  °f,the  W6ight  °f  the  cerebellum  to  that  of  the  whole 
brain  is  strikingly  different  from  that  observed  in  the  adult,  being,  according  to 
Chaussier  between  1  to  13  and  1  to  26  ;  by  Cruvelhier  it  was  found  o  be  1'to  20 
Huschke  found  the  weight  of  the  cerebellum,  medulla  oblongata  and  pons  together 
of  Wo  !  ff  XT,  I  '  f  compared  with  that  of  the  brain,  to  be  in  the  proportion 
of  1  to  15,  and  1  to  13.    In  the  adult,  the  proportions  were  1  to  7,  and  1  to  6 

In  most  mammalia,  the  cerebellum  is  found  to  be  heavier  in  proportion  to  the 
cerebrum,  than  it  is  in  the  human  subject;  in  other  words,  the  cerebrum  in  man  is 
larger  in  proportion  to  the  cerebellum. 

Soemmering  pointed  out  the  fact  that  the  brain  is  larger  in  proportion  to  the 
nerves  connected  with  it  in  man  than  in  the  lower  animals 

A  comparison  of  the  width  of  the  cerebrum  with  that  of  the  medulla  oblongata 
shows  that  the  proportionate  diameter  of  the  brain  to  that  of  the  medulla  oblongata 
is  greater  in  man  than  in  any  animal,  except  the  dolphin,  in  which  creature,  however 
it  must  be  remembered  that  the  cerebral  lobes  exhibit  a  disproportionate  lateral 
development.  The  width  of  the  cerebrum  in  man,  as  compared  with  that  of  the 
medulla  oblongata  at  its  base  or  broadest  part,  is  about  7  to  1,  while  in  many  quadru- 
peds it  is  as  3  to  1  or  even  as  2  to  1. 

WEIGHT  OF  THE  SPINAL  CORD. 

Divested  of  its  membranes  and  nerves,  the  spinal  cord  in  the  human  subject  weighs 
irom  loz.  to  1,  oz.,  and  therefore  its  proportion  to  the  encephalon  is  about  1  to  33 
Meckel  states  it  as  1  to  40. 

The  disproportion  between  the  brain  and  the  spinal  cord  becomes  less  and  less  in 
the  descending  scale  of  vertebrafa,  until  at  length,  in  cold-blooded  animals  the 
spinal  cord  becomes  heavier  than  the  brain.     Thus,  in  the  mouse,  the  weight  of 
the  brain  in  proportion  to  that  of  the  spinal  cord,  is  as  4  to  1 ;  in  the  pigeon,  as  34 
to  1 ;  in  the  newt,  only  as  f  to  1  ;  and  in  the  lamprey,  as  i  to  1. 

In  comparison  with  the  size  of  the  body,  the  spinal  cord  in  man  may  be  stated  in 
general  terms  to  be  much  smaller  than  it  is  in  animals.    In  regard  to  the  cold- 
blooded animals/to  birds,  and  to  small  mammalia,  this  has  been  actually  demonstrated 
but  not  in  reference  to  the  larger  mammalia. 

R,  Wagner  states,  as  follows,  the  proportion  of  the  weight  of  the  spinal  marrow 
taken  as  1  to  the  encephalon  and  its  parts — 

a,  to  the  nerve  roots  : :  1  :  0  -53 

b,  to  the  medulla  and  pons  : :  1  :  1- 

c,  to  the  cerebellum     .      : :  1  :  6*18 

d,  to  the  cerebrum  : :  1  :  42-78 

e,  to  the  encephalon  :  :  1  :  48-96 

SPECIFIC  GRAVITY  OF  THE  ENCEPHALON. 

The  specific  gravity  of  different  parts  of  the  encephalon  has  of  late  attracted  some 
attentmn  from  its  having  been  observed  that  it  varies  to  some  extent  in  different 
kinds  of  disease.  From  the  researches  of  Bucknill,  Sankey,  Aitken,  and  Peacock  it 
appears  that  the  average  specific  gravity  of  the  whole  encephalon  is  about  1036,  that 
of  the  grey  matter  1034,  and  that  of  the  white  1040.  There  are  also  considerable 
differences  in  the  specific  gravity  of  some  of  the  internal  parts.  (William  Aitken, 
"The  Science  and  Practice  of  Medicine,"  1865,  vol.  2,  p.  265:  J.  C.  Bucknill  in  "The 
Lancet,"  1852  :  Sankey,  in  the  "Brit,  and  For.  Med.  Chir.  Review,"  1853  :  Thos.  B. 
Peacock,  in  the  Trans,  of  the  Pathol.  Soc.  of  London,  1861-2.) 
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DEVELOPMENT  OP  THE  CEREBKO-SPINAL  AXIS. 


The  cerebro  spinal  axis  is  formed  from  a  superficial  deposit  of  blastema,  which 
occupies  the  whole  width  of  the  dorsal  furrow,  that  elongated  depression  whose 
margins  come  together  to  complete  the  walls  of  the  cranio-vertebral  cavity  (p.  16). 
This  layer  of  blastema  increases  in 


thickness  in  each  lateral  half,  while  in 

Fig.  386. — Primitive  form  op  thb 
Cerebro-Spinal  Axis  in  the  Em- 
bryo op  the  Bird.  Magnified. 

A  and  B  (from  Reichert)  outlines  of 
the  dorsal  aspect  of  the  embryo  bird  at 
twenty-four  and  thirty-six  hours  of  in- 
cubatioD.  In  A,  the  sides  of  the  pri- 
mitive groove  have  united  to  a  great 
extent  and  converted  it  into  a  canal, 
dilated  at  the  cephalic  extremity,  2  ; 
C,  the  cephalic  fold  of  the  germinal 
membrane  ;  8,  the  primordial  vertebral 
masses  ;  9,  the  unclosed  lumbar  part 
of  the  vertebral  groove.  In  B,  10,  11, 
and  12  indicate  the  partial  division  of 
the  cephalic  portion  of  the  tube  into  the 
three  primary  vesicles  ;  13,  the  rudi- 
ment of  the  eye  ;  14,  that  of  the  ear. 

C,  represents  a  transverse  section  of 
the  body  of  the  embryo  previous  to  the 
closure  of  the  vertebral  groove.  1, 
chorda  dorsalis  ;  2,  primitive  vertebral 
groove  ;  2  to  3,  medullary  plates  con- 
tinuous at  3,  with  4,  the  corneous  layer 
of  the  blastoderm  ;  5,  the  ventral  plates 
of  the  middle  layer ;  6,  the  lowest  or  epi- 
thelial layer ;  7,  the  primordial  vertebral 
masses. 


Fig.  386. 


2 


i   i  6 


r-  3 


Fig.  387. 


Fig  387.— Transverse  Section  op  the  Cervioal 
Part  of  the  Spinal  Cord  op  a  Human  Embryo  op 
Six  Weeks  (from  Kolliker).  22 

i 

This  and  the  following  figure  are  only  sketched,  the 
white  matter  and  a  part  of  the  grey  not  being  shaded 
in.  c,  central  canal;  e,  its  epithelial  lining;  at  e 
(inferiorly),  the  part  which  becomes  the  anterior  com- 
missure ;  at  e'  (superiorly)  the  part  which  becomes 
the  posterior  commissure  ;  a,  the  white  substance  of 
the  anterior  columns,  beginning  to  be  separated  from 
the  grey  matter  of  the  interior,  and  extending  round 
into  the  lateral  column,  where  it  is  crossed  by  the 
line  from  g,  which  points  to  the  grey  substance  ■  n 
posterior  column  ;  a  r,  anterior  roots  ;  p  r,  posterior 
roots. 


the  middle  line-the  primitive  groove-it  remains 
thin  and  depressed.  The  thin  middle  portion  is 
that  which  forms  in  the  sninal  rnrrl  tim  «„»  • 

that  the  walls  of  the  cranio X  rteb  al  cavUv  ar  W  iTS^  At  the  8ame  time 
of  the  cerebrospinal  axis  ^^IZZZ^^f  5?  lateral  m^'ms 

a  tube,  and  this  line  of  junction  is  the  2,  *  •  S  ^  t0Sether'  80  as  to  form 
commissure,  while  the  space  iuh  n  ie  «  nTer it* *  t"?'  ^  °f  th°  1,OStcrior 
the  canal  first  takes  place  in  the  cervicL  rp  the,ce"tral  canaL  Thc  closiire  of 
backwards  in  the  dorsal,  lumbar  and  r^  P™eeds 
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The  spinal  cord  haa  been  found  by  Kolliker  already  in  the  form  of  a  cylinder  in 
the  cervical  region  of  an  embryo  four  weeks  old.  Ununited  borders  have  been  seen 
by  Tiedemann  in  the  ninth  week  towards  the  lower  end  of  the  cord,  the  perfect  closing 
of  the  furrow  being  delayed  in  that  part,  which  is  slightly  enlarged  and  presents  a 
longitudinal  median  slit,  analogous  to  the  rhomboidal  sinus  in  birds. 

The  anterior  fissure  of  the  cord  is  developed  very  early,  and  contains  even  at  first 
a  process  of  the  pia  mater. 

The  cervical  and  lumbar  enlargements  opposite  the  attachments  of  the  brachial  and 
crural  nerves,  appear  at  the  end  of  the  third  month  :  in  these  situations  the  central 
canal,  at  that  time  not  filled  up,  is  somewhat  larger  than  elsewhere. 


Fig.  388.— Transverse  Section  of  Half 
the  Cartilaginous  Vertebral  Column 
and  the  Spinal  Cord  in  the  Cervical 
Part  of  a  Human  Kmbrto  of  from 
nine  to  ten  weeks  (from  Kolliker).  1? 

c,  central  canal  lined  with  epithelium  ; 
a,  anterior  column  ;  p,  posterior  column  ; 
p',  band  of  Goll ;  g,  'ganglion  of  the 
posterior  root ;  p  r,  posterior  root ;  a  r, 
anterior  root  passing  over  the  ganglion  ; 
d  m,  dura  matral  sheath,  omitted  nearer, 
to  show  the  posterior  roots  ;  4,  body  of 
the  vertebra  ;  c  li,  chorda  dorsalis  ;  n  a, 
neural  arch  of  the  vertebra. 

At  first  the  cord  occupies  the  whole 
length  of  the  vertebral  canal,  so  that 
there  is  no  cauda  equina.  In  the  fourth 
month,  the  vertebrae  begin  to  grow  more 
rapidly  than  the  cord,  and  the  latter 
seems  as  it  were  to  have  retired  up  into 
the  canal,  and  the  elongation  of  the  roots 
of  the  nerves  which  gives  rise  to  the  cauda 
equina  is  commenced.  At  the  ninth 
month,  the  lower  end  of  the  cord  is 
opposite  the  third  lumbar  vertebra. 
In  tcxtural  composition  the  spinal  cord  consists  at  first,  after  the  completion  of  its 
cylindrical  form,  entirely  of  uniform-looking  cells.  These  separate  into  two  layers, 
the  inner  of  which  forms  the  epithelium  and  surrounding  connective  tissue,  or  neu- 
roglia of  the  central  canal,  while  the  outer  forms  the  grey  substance  of  the  cord.  The 
white  substance  appears  later  than  the  grey,  forming  a  layer  external  to  it,  and  sepa- 
rated from  an  early  period  into  an  antero-lateral  and  a  posterior  column  on  each  side. 
At  a  somewhat  later  period  the  white  mass  of  these  columns,  increasing  greatly  in 
size,  gives  rise  to  the  formation  and  gradually  increasing  depth  of  the  anterior  and 
posterior  median  fissures.  At  the  same  time,  however,  the  lateral  masses  of  grey 
substance  also  undergo  extension  in  the  parts  named  the  cornua.  It  would  appear 
that  the  integral  nerve  fibres  are  at  first  developed  from  radiating  processes  which 
proceed  from  the  cells  of  the  grey  substance.  (Kolliker,  Entwicklungs-gcschichte  ; 
Lockhart  Clarke,  in  the  Phil.  Trans.  1862  ;  Bidder  und  Kupfer,  Untersuch.  ub.  d. 
Riickenmark,  Lcipz.  1857.) 

It  may  also  be  mentioned,  that  according  to  Remak  and  Kolliker,  the  roots  of  the 
spinal  nerves  and  the  ganglion  are  at  first  unconnected  with  the  cord.  The  mass  of 
blastema  forming  the  ganglion  first  becomes  apparent,  and  from  this  the  posterior  root 
seems  to  grow  towards,  and  later  to  become  attached  to  the  cord,  while  the  anterior  roots 
seem  to  extend  outwards  from  the  cord  and  to  unite  themselves  later  with  the  nerve. 

The  central  canal  is  at  first  nearly  cylindrical ;  it  then  becomes  flattened  at  the 
sides  projecting  deeply  backwards  and  forwards.  Between  the  eighth  and  tenth 
weeks  it  is  greatly  narrowed,  and  subsequently,  being  more  and  more  confined  to 
the  centre,  it  ultimately  diminishes  to  a  small  tube.  The  epithelial  cells  which  line 
it  from  the  first  are  long  or  columnar,  and  they  retain  this  form  in  the  adult, 


Fig.  388. 


FORMATION  OF  THE  ENCEPHALON. 
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THE  ENCEPHALON. 

The  brain  is  originally  not  to  be  distinguished  from  the  spinal  cord,  being  in  fact 
the  anterior  portion  of  the  medullary  tube.  It  is  soon  altered  in  form,  however,  by 
the  expansion  of  its  walls  in  certain  parts,  while  others  enlarge  in  a  less  degree,  and  it 
then  presents  the  appearance  of  a  series  of  three  cerebral  vesicles,  usually  designated 
by  embryologists  the  primary  cerebral  vesicles. 


Fig.  389. — Sketches  of  the  Primitive  Parts 
op  the  Human  Brain  (from  Kolliker). 


Fig.  389. 


1,  2,  and  3  are  from  a  human  embryo  of 
about  seven  weeks.  1,  view  of  the  whole 
embryo  from  behind,  the  brain  and  spinal  cord 
exposed  ;  2,  the  posterior,  and  3,  the  lateral 
view  of  the  brain  removed  from  the  body  ;  h, 
the  anterior  part  of  the  first  primary  vesicle 
or  cerebral  hemisphere  (prosencephalon)  ;  i, 
the  posterior  part  of  the  same  vesicle  (dien- 
cephalon)  ;  i',  the  lower  part  of  the  same  ;  m, 
the  middle  primary  vesicle  (mesencephalon)  ;  c, 
the  cerebellum  or  upper  part  of  the  third 
primary  vesicle  (epencephalon)  ;  m  o,  the  lower 
part  of  the  third  primary  vesicle  or  medulla 
oblongata.  The  figure  3  illustrates  the  several 
curves  which  take  place  in  the  development 
of  the  parts  from  the  primitive  medullary  tube.  In  4,  a  lateral  view  is  given  of  the 
brain  of  a  human  embryo  of  three  months  :  the  enlargement  of  the  cerebral  hemisphere 
has  covered  in  the  optic  thalami,  leaving  the  tubercula  quadrigemiDa,  m,  apparent. 

The  changes  which  take  place  in  the  growth  of  the  brain  were  first  elaborately 
described  by  Tiedemann  ;  they  have  been  investigated  by  Von  Baer,  Bischoff,  Remak, 
Kolliker,  and  others,  and  have  recently  received  additional  elucidation  from  the 
researches  of  Reichert.  (Tiedemann,  "  Anatomie  und  Bildungs-geschichte  des 
Gehirns,"  Nuremberg,  1816;  Reichert,  "Bau  des  Menschlichen  Gehirns,"  Leipzig, 
1861;  F.  Schmidt,  "  Beitrage  z.  Entwick.  des  Gehirns,"  in  Zeitschr.  f.  Wissen.  Zool. 
1862  ;  Kolliker,  Entwicklungsgeschichte,  1861.) 

Development  op  the  primary  vesicles.— The  anterior,  or  first  vesicle,  is  the  part 
from  which  are  developed  the  third  ventricle,  the  optic  thalami,  the  corpora  striata, 
and  the  cerebral  hemispheres. 

The  middle  or  second  vesicle,  forms  the  corpora  quadrigemina  above,  and  the  crura 
cerebri  below,— its  cavity  remaining  as  the  Sylvian  aqueduct. 

The  posterior  or  third  vesicle  continues  incomplete  above  for  some  time,  in  so  far 
as  relates  to  its  nervous  substance.    At  length  its  anterior  portion  is  closed  over  and 
forms  the  cerebellum  above,  whilst  in  its  under  part  the  pons  Varolii  is  produced 
The  posterior  portion,  on  the  other  hand,  continues  open  on  its  dorsal  aspect,  and 
forms  the  medulla  oblongata  and  fourth  ventricle. 


Fig.  390. — Longitudinal  Shotion  op  the 
Cranial  Cavity  op  the  Human  Embryo  at 
pour  weeks  (from  Kolliker). 

1,  2,  3,  4,  and  5,  mark  the  depressions  in 
the  cranial  wall  which  contain  respectively  the 
cerebral  hemispheres,  the  thalami,  the  corpora 
quadrigemina,  the  cerebellum,  and  the  medulla 
oblongata  ;  in  1,  at  o,  the  depression  of  the  eye, 
and  at  o',  the  optic  nerve  is  seen  ;  in  5,  at  a  u, 
the  primary  auditory  vesicle  ;  p,  process  from 
the  pharynx,  supposed  by  Rathke  to  be  con- 
nected with  the  formation  of  the  pituitary 
body  or  hypophysis  cerebri ;  t,  t,  middle 
cranial  septum  or  tentorium. 


These  three  vesicles,  at  first  arranged  in  a  straight  line  one  before  the  other, 


soon 
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endVAf/08!"011'  inm] corresP°ndence  with  the  curving  downwards  of  the  cephalic 
end  of  the  embryo.  Thus,  at  the  seventh  week,  there  is  an  angular  bend  forwards 
?WWn  m  Undmost  ve,sicLle  and  rudimentary  spinal  cord,  the  projecting  angle 
(backwards)  being  named  the  cervical  tuberosity.  Another  bend,  but  in  the  opposite 
direction,  exists  between  that  part  of  the  third  vesicle  which  forms  the  medulla 
oblongata,  and  that  which  gives  rise  to  the  cerebellum.  Lastly,  a  third  angle  is  pro- 
duced by  a  bend  forwards  and  downwards  in  the  region  of  the  middle  vesicle,  from 
which  the  corpora  quadrigemina  are  developed,  and  which  forms,  at  this  period,  the 
highest  part  of  the  encephalon;  whilst  the  anterior,  or  first  vesicle,  is  bent  nearly  at  a 
right  angle  downwards.  J 


FiS-  391-  Fig-  391.— Sketches  op  the  early 

form  op  the  parts  op  the 
Cerebro-Spinal  Axis  in  the 
Human  Embryo  (after  Tiede- 
inann). 

A,  at  the  seventh  week,  lateral 
view;  1,  spinal  cord;  2,  medulla 
oblongata  ;  3,  cerebellum  ;  4,  mid- 
dle vesicle  or  corpora  quadrigemina ; 
5,   6,  7,  first  vesicle.    B,  at  the 
ninth  week,  posterior    view;  1, 
medulla  oblongata ;  2,  cerebellum  ; 
3,  corpora  quadrigemina  ;  4,  5,  tha- 
lami  optici  and  cerebral  hemispheres. 
C  and  D,  lateral  and  posterior  views 
of  the  brain  of  the  human  embryo 
at  twelve  weeks,    a,  cerebrum  ;  6, 
corpora    quadrigemina ;    c,  cere- 
bellum ;  d,  medulla  oblongata  ;  the 
thalami  are  now  covered  by  the 
enlarged  hemispheres.   E,  posterior 
view  of  the  same  brain  dissected  to 
show  the  deeper  parts.    1,  medulla 
oblongata  ;  2,  cerebellum  ;  3,  cor- 
pora   quadrigemina ;    4,  thalami 
optici  ;  5,  the  hemisphere  turned 
aside  ;  6,  the  corpus  striatum  em- 
bedded in  the  hemisphere ;  7,  the 
commencement  of  the  corpus  cal- 
losum.    F,  the  inner  side  of  the 
right  half  of  the  same  brain  sepa- 
rated by  a  vertical  median  section, 
showing  the  central  or  ventricular 
cavity.    1,  2,  the  spinal  cord  and 
medulla  oblongata,  still  hollow  ;  3, 
bend  at  which  the  pons  Varolii  is 

/„  ■  ,  ,,        ,      ,   .  formed  ;  4,  cerebellum  ;  5,  lamina 

(superior  cerebellar  peduncles)  pass.ng  up  to  the.corpora  quadrigemina  :  6,  crura  cerebri ; 
7  corpora  quadngemma,  still  hollow  ;  8,  third  ventricle  ;  9,  infunclibulum  ;  10,  thala- 

Z7mPl7Jl     '      'n°Pt,C  nel'Ve;  12'  Ckft  leadi"g  int0  the  lateral  ventricle;  13, 
commencing  corpus  callosum. 


E 


At  an  early  period  of  the  development  of  the  brain,  the  anterior  primary  vesicle 
undergoes  a  peculiar  change  by  which  two  sets  of  parts  are  originated,  the  first  of 
which  corresponds  to  the  cerebral  hemispheres,  the  second  to  the  thalami  optici  j  the 
middle  vesicle  remaining  single,  giving  rise  to  the  corpora  quadrigemina;  and  the 
posterior  vesicle  like  the  first  but  at  a  somewhat  later  period,  serves  as  the  basis  of 
the  rudiments  of  two  parts,  viz  the  cerebellum  and  the  medulla  oblongata.  Thus, 
formed  ™  ^  fundamental  Parts  °f  ^  encephalon  are 

The  .  following  tabular  statement  may  serve  as  a  synoptical  view  of  the  relation 
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subsisting  between  the  primary  encephalic  vesicles,  the  five  fundamental  parts,  and 
the  principal  permanent  structures  of  the  brain  : — 

(•  Cerebral  Hemispheres,  Corpus  Callosum, 
fl.  Prosencephalon.*  /    Corpora  Striata,  B'ornix,  Lateral  Ventricles 

I.  Anterior  primary  Vosicle,  <  x    Olfactory  nerve. 

<-2.  Dioncephalon.      \  ^S^jRP?^  gland.  Pituitary 

r  (    body,  Third  Ventricle,  Optic  nerve. 

II.  Middle  primary  Vesicle,      3.  Mesencephalon    4 Crura    Cerebri,     Corpora  Quadrigemioa, 

(    Aqueduct  of  Sylvius. 

(i.  Epencephalon.     i  Cerebellum,  Pons  Varolii,  anterior  part  of 

III.  Posterior  primary  Vesicle  J  <    the  F°Urth  Ventricle" 

(5.  Metencephalon     i  Me,duua  Oblongata,  Fourth  Ventricle,  Au- 
(    ditory  nerve. 

At  a  later  period  of  development,  the  anterior  part  of  the  first  vesicle,  which  as 
sta ted  above  represents  the  cerebral  hemispheres,  increases  greatly  in  size  upwards 
and  backwards,  and  gradually  covers  the  parts  situated  behind  it;  first  the  thalami 
then  the  corpora  quadngemina,  and  lastly  the  cerebellum 

tnll  lT7  °Pf      r"di^enta7  encephalon,  two  tracts  of  nervous  matter  are  seen 
to  be  prolonged  upwards  from  the  spinal  cord  upon  the  floor  of  the  cephalic  vesicles 

corT  5fS  drb?eu  C°nneCted  with  the  anterior  and  ktenS  partlof  the 

Z^oZX  °f  ^  ™  ~*«  Md  ^ sponding  columns  of  the 

Farther  development  op  the  primary  vesicles.— The  third  vesirle~ThP  ™0+„ 
nor  portion  of  this  vesicle,  corresponding  with  the  medulla  Mon^Z  l  nlver  dosed 
above  by  nervous  matter  The  open  part  of  the  medullary  tube  constitutes  the  floor 
0 fthe  fourth  ventricle,  which  communicates  below  with  the  canal  of  the  spinal  cord 
at  the  place  where  the  calamus  scriptorius  is  eventually  formed  P  ' 

sixth  month.  The  /aS J  cinelel  of 't h.  f  tl  '  DOt  appear  tH1  about  the 
or  fifth  month,  but  ^S^SlS^Sk^       *  ^  "*  ^  *"* 

an Jtm^r  Lmlnl ng^^ThS  S  F  ^ 

month,  as  a  delicate  mednflaTffiS  formin,  1  ^   *fe, 6,1,1  °f  the  second 

pofed^W^ 
^anTios^ 

with  the  corpora  restiformia?  or  inferiol ZdlnZl^  ^  k  S00n  connected 

month,  at  which  time  ^Z^^V^^JST^T8^1"117  "P  t0the  f°Urth 
denlatum.  In  the  fifth  month  a  division  Lto  five  I/I  1,  ^  f"  co'^ 
these  lobes  send  out  folia,  which  are  at  first  s  ^  ^  P  ^  at  the  sbcth- 

Moreover,  the  ^spheres  TSZXZf^  7^  beC°me  8ubdi*ded 
median  portion,  or  worm.     In  th 'seltX  U°l  la^Cr  thaQ  ^ 

and  the  and  posterior  velum  wTth     e  SJ         ?  ^  "  m°re  comP,ete> 

process,  are  now  distinguishable ,  «c»t ^  the  ^™  j1^18  °f, the  inferior  vermiform 
appearance.  8  '  CXCept  the  ^ygdalm,  which  are  later  in  their 

Of  the  peduncles  of  the  cprpViPiin™   u.    •  ^  . 
first  seen-vi,,  about  the  third  monTh;  te^S  S  (TP°ra  restifo™a)  a™  the 
fourth  month;  and  at  the  fifth,  the  superior  iff  peduncle,8  a™  perceptible  in  the 

.  n,v-      ,  4,    ,  *    °r  Pedun<^s  and  the  Vieussenian  valve 

*  This  and  the  four  following  terms 
divisions  of  the  primordial  medullary  tube  andS*8  aPPliCab>  totbe  PrinciPal  ^n^ry 
names  of  the  German  embryologists,  viz., CrdeX!™"^  -"I.1  V  the  ™™™n\y  received 
h.rn  and  Nachh.rn  ;  or  their  less  u'8ed  SniSKS    5  ?.wischei'hi™.  Mittelhirn,  Hinter- 
midbrain,  hindbram,  and  afterbrain.         0      translations,  viz.,_forebrain,  interbrain, 


578 


DEVELOPMENT  OF  THE  CEIIEBRO-SPINAL  AXIS. 


The  pons  Varolii  ia  formed,  aa  it  were,  by  the  fibrea  from  the  hemispheres  of  the 
cerebellum  embracing  the  pyramidal  and  olivary  faaciculi  of  the  medulla  oblongata. 
According  to  Baer,  the  bend  which  takes  place  at  this  part  of  the  encephalon 
thrusts  down  a  mass  of  nervous  substance  before  any  fibres  can  be  seen ;  and  in 
this  substance  transverse  fibres,  continuous  with  those  of  the  cerebellum,  are  after- 
wards developed.  From  its  relation  to  the  cerebellar  hemispheres  the  pons  keeps 
pace  with  them  in  its  growth  ;  and,  in  conformity  with  this  relation,  its  transverse 
fibres  are  few,  or  entirely  wanting,  in  those  animals  in  which  there  is  a  corresponding 
deficiency  or  absence  of  the  lateral  parts  of  the  cerebellum. 


Fig.  392  A. — Brain  and  Spinal  Cord  exposed  from  behind  in  a 
Fffirus  op  three  months  (from  Koliiker). 

h,  the  hemispheres  ;  m,  the  mesencephalic  vesicle  or  corpora 
quadrigemba  ;  c,  the  cerebellum  ;  below  this  are  the  medulla 
oblongata,  mo,  and  fourth  ventricle,  with  remains  of  the  membrana 
obturatoria.  The  spinal  cord,  s,  extends  to  the  lower  end  of  the 
sacral  canal  and  presents  the  brachial  and  crural  enlargements. 

Fig.  393  B.—  Upper  View  op  the  Brain  op  a  three  months' 
Fojtus,  in  which  TnE  Hemispheres  have  been  divided  and 

TURNED  ASIDE,  AND  THE  VESICLE  OF  THE  MESENCEPHALON  (COR- 
PORA Quadrigemina)  opened  (from  Koliiker). 

/,  anterior  part  of  the  great  arch  of  the  hemispheres  over  the 
cerebral  fissure  ;  /',  posterior  part  descending  into  the  cornu  am- 
monis  ;  cs,  corpus  striatum;  th,  thalamus  opticus;  m,  in  the 
floor  of  the  opened  vesicle  of  the  mesencephalon,  which  is  still 
hollow. 

The  second,  or  middle  vesicle. — The  corpora  quadrigemina 
are  formed  in  the  upper  part  of  the  middle  cephalic  vesicle ; 
the  hollow  in  the  interior  of  which,  communicates  with  those 
of  the  first  and  third  vesicles.  The  corpora  quadrigemina,  in 
the  early  condition  of  the  human  embryo,  are  of  great  propor- 
tionate volume,  in  harmony  with  what  is  seen  in  the  lower 
vertebrata ;  but  subsequently  they  do  not  grow  so  fast  as  the 
anterior  parts  of  the  encephalon,  and  are  therefore  soon 
overlaid  by  the  cerebral  hemispheres,  which  at  the  sixth  month 
cover  them  in  completely.  Moreover,  they  become  gradually 
solid,  by  the  deposition  of  matter  within  them  ;  and  as,  in  the 
meantime,  the  cerebral  peduncles  are  increasing  rapidly  in  size 
in  the  floor  of  this  middle  cephalic  vesicle,  the  cavity  in  its 
interior  ia  quickly  filled  up,  with  the  exception  of  the  narrow 
passage  named  the  Sylvian  aqueduct.  The  fillet  is  distinguish- 
able in  the  fourth  month.  The  corpora  quadrigemina  of  the 
two  sides  are  not  marked  off  from  each  other  by  a  vertical 
median  groove  until  about  the  sixth  month  ;  and  the  trans- 
verse depression  separating  the  anterior  and  posterior  pairs 
ia  first  seen  about  the  seventh  month  of  intra-uterine  life. 
The  first,  or  anterior  vesicle.—  Thia  vesicle,  very  soon  after  its  formation,  exhi- 
bits two  lateral  outgrowths— the  optic  vesicles—  destined  to  form  the  fundamental 
parts  of  the  organa  of  viaion.  Each  of  these  soon  becomes  separated  from  the  parent 
vesicle  by  a  constricted  part,  which  forms  the  optic  nerve  and  tract.  The  first  vesicle 
has  usually  been  described  as  dividing  into  two  portiona — viz.,  a  posterior,  which  is 
developed  into  the  optic  thalami  and  third  ventricle,  and  an  anterior,  which  forms  the 
principal  mass  of  the  cerebral  hemispheres,  including  the  corpora  striata.  Eeichert, 
however,  has  pointed  out  that  the  hemispheres  and  corpora  striata  are  developed 
from  the  sides  of  the  fore  part  of  the  vesicle,  and  become  distinguished  from  it  by  a 
constriction  similarly  as  the  optic  vesicles  had  previously  been,  and  that  there  is  left 
between  the  hemisphere-vesicles  of  opposite  sides  a  wedge-shaped  interval,  which 
forms  the  third  ventricle.  He  points  out  that  the  terminal  extremity  of  the  cerebro- 
spinal tube  is  at  the  tip  of  this  wedge,  and  is  placed  immediately  in  front  of  the  optic 
commissure,  at  the  lamina  cinerea ;  and  that  therefore  the  infundibulum  ia  not  that 
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extremity,  as  had  been  previously  supposed  by  Bacr,  but  is  an  expansion  of  the 
vesicle  downwards,  in  similar  fashion  as  there  is  an  expansion  of  it  upwards  in  the 
region  or'  the  pineal  body. 

The  pituitary  body  was  asserted  by  Rathke  to  be  derived 
from  a  prolongation  upwards  of  the  mucous  membrane  of  the 
pharynx  into  the  base  of  the  skull  between  the  trabecular.  It 
appears,  however,  from  the  researches  of  Reichert  and  Bidder, 
that  the  base  of  the  skull  is  never  imperfect  in  this  region. 
Reichert  suggested  that  the  pituitary  body  might  be  derived 
from  the  extremity  of  the  chorda  dorsalis,  but  is  now  rather 
inclined  to  think  that  it  is  a  development  of  the  pia  mater. 

Fig.  393.— Brain  and  Spinal  Cord  op  a  Fcetus  op  four 
months,  seen  from  behind  (from  Kolliker). 

h,  hemispheres  of  the  cerebrum  ;  m,  corpora  quadrigeminn 
or  mesencephalon  ;  c,  cerebellum  ;  m  o,  medulla  oblongata,  the 
fourth  ventricle  being  overlapped  by  the  cerebellum;  s,  s,  the 
spinal  cord  with  its  brachial  and  crural  enlargements. 

The  pineal  gland,  according  to  Baer,  is  developed  from 
the  back  part  of  the  thalami,  where  those  bodies  continue 
joined  together;  but  it  is  suggested  by  Bischoff  that  its 
development  may  be  rather  connected  with  the  pia  mater. 
It  was  not  seen  by  Tiedemann  until  the  fourth  month  :  sub- 
sequently its  growth  is  very  slow  ;  and  it  at  first  contains  no 
gritty  deposit :  this,  however,  was  found  by  Sbmmerring  at 
birth. 

The  two  optic  thalami,  formed  from  the  posterior  part  of 
the  anterior  vesicle,  consist  at  first  of  a  single  hollow  sac  of 
nervous  matter,  the  cavity  of  which  communicates  in  front 
with  the  interior  of  the  commencing  cerebral  hemispheres,  and 
behind  with  that  of  the  middle  cephalic  vesicle  (corpora 
quadrigemina).    Soon,  however,  by  means  of  a  deposit  taking  place  in  their  interior 

Fig.  394. 


Fig.  39L-SEMIDIAORAMMATIO  VlEWS  OP  THE  INNER  SURFACE  0 

HEMISPHERE   OP   THE    FcGTAL    BRA!N   AT   VARIOUS  STAGES  OF^bvb""^™  (from 

4,  Urn  aatLaof  e^oSE"  ?  tSX^SST  °f  ^  &  f*  -teen  weeks  ; 
which  adheres  to  the  sella  tardea  ^b^Zn  oTZrll  f  ^  ^  primar7  vesid° 
thalamus  and  corpus  striatum  •  the  arc  K  It  f'f™1  peduncIe  as  ifc  P^es  into  the 
cerebral  fissure  ;  c,  anterior  part  of  the  trull Zl  ♦  "  8"rrou"d.»  «"»  b°«»ds  the  great 
the  arch  of  the  cerebrum,  afterwards  th^ h7r.nl    *  Iuci(U,m  :  d'  inner  P»rt  of 

fornix;  e,  corpus  callosum,  very  shor i„  fr?,  T°?  ™d  P°fterior  of  the 
superior  marginal  convolution  ;  f,  frontc ^  parieti  £  f, .  backwar'\in  4  S  in  *>  /.  the 
internal  vertical  fissure  descending  to  meet  the  Ltr^  K?'??™*  fo™»s  i  the 
bulb;  F,  P,  0,  %  frontal,  parietaf,  occip  tal  and  ZXltl  ?^^ * 
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behind,  below,  and  at  the  sides,  the  thalami  become  solid,  and  at  the  same  time  a 
cleft  or  fissure  appears  between  them  above,  and  penetrates  down  to  the  internal 
cavity,  which  continues  open  at  the  back  part  opposite  the  entrance  of  the 
Sylvian  aqueduct.  This  cleft  or  fissure,  is  the  third  ventricle.  Behind,  the  two 
thalami  continue  united  by  the  posterior  commissure,  which  is  distinguishable 
about  the  end  of  the  third  month,  and  also  by  the  peduncles  of  the  pineal  gland.  The 
soft  commissure  could  not  be  detected  by  Tiedemann  until  the  ninth  month  ;  but  its 
apparent  absence  at  earlier  dates  may  perhaps  be  attributed  to  the  effects  of  laceration. 

At  an  early  period  the  optic  tracts  may  be  recognised  as  hollow  prolongations  from 
the  outer  part  of  the  wall  of  the  thalami  while  they  are  still  vesicular.  At  the  fourth 
month  these  tracts  are  distinctl}'  formed. 

The  hemisphere-vesicle  becomes  divisible  into  two  parts :  one  of  these  is  the  part 
which  from  the  interior  appears  as  the  corpus  striatum,  and  from  the  exterior  as  the 
island  of  Reil,  or  central  lobe;  the  other  forms  the  expanded  or  covering  portion 
of  the  hemisphere,  and  iR  designated  by  Reichert,  the  mantle.  The  aperture  ex- 
isting at  the  constricted  neck  of  the  hemisphere  vesicle,  Schmidt  and  Reichert  have 
recognised  as  the  foramen  of  Monro. 

The  corpora  striata,  it  will  be  observed,  have  a  very  different  origin  from  the  optic 
thalami ;  for,  while  the  optic  thalami  are  formed  by  thickening  of  the  circumferential 
wall  of  a  part  of  the  first  cerebral  vesicle,  and  thus  correspond  in  their  origin 
with  all  the  parts  of  the  encephalon  behind  them,  which  are  likewise  derived  from 
portions  of  the  ccrebro-spinal  tube,  the  corpora  striata  appear  as  thickenings  of  the 
floor  of  the  hemisphere-vesicles,  which  are  lateral  offshoots  from  the  original  cerebro- 
spinal tube.  On  this  account  Eeichert  considers  the  brain  primarily  divisible  into  the 
stem,  which  comprises  the  whole  encephalon  forwards  to  the  taania  semicircularis,  and 
the  hemisphere-vesicles,  which  include  the  corpora  striata  and  hemispheres. 

The  cerebral  hemispheres  enlarging,  and  having  their  walls  increased  in  thickness, 
form,  during  the  fourth  month  (Tiedemann),  two  smooth  shell-like  lamella;,  which 
include  the  cavities  afterwards  named  the  lateral  ventricles,  and  the  parts  contained 
within  them.  Following  out  the  subsequent  changes  affecting  the  exterior  of  the 
cerebral  hemispheres,  it  is  found  that  about  the  fourth  month  the  first  traces  of  some 
of  the  convolutions  appear,  the  intermediate  sulci  commencing  only  as  very  slight 


Fig.  395. 
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Fig.  395. — The  Surface  of  the  Fcetal  Brain  at  Six  Months  (from  R.  Wagner). 

This  figure  is  intended  to  show  the  commencement  of  the  formation  of  the  principal 
fissures  and  convolutions.  A,  from  above  ;  B,  from  tbe  left  side.  F,  frontal  lobe ;  P, 
parietal  ;  0,  occipital :  T,  temporal  ;  a,  a,  a,  slight  appearance  of  the  several  frontal 
convolutions  ;  s,  the  Sylvian  fissure  ;  s',  its  anterior  division  ;  within  it,  C,  the  central 
lobe  or  convolutions  of  the  island  ;  r,  fissure  of  Rolando  ;  p,  the  vertical  fissure  (external 
part)  ;  t,  the  parallel  fissure. 

depressions  on  the  hitherto  smooth  surface.  Though  the  hemispheres  continue  to 
grow  quickly  upwards  and  backwards,  the  convolutions  at  first  become  distinct  by 


HEMISPHERES.— CORPUS  CALLOSUM.  581 

comparatively  slow  degrees;  but  towards  the  seventh  and  eighth  months  thev  are 
developed  with  great  rapidity,  and  at  the  beginning  of  the  last  month  of  intra-uteriue 
lite,  all  the  principal  ones  are  marked  out. 

The  Sylvian  fissure,  which  afterwards  separates  the  anterior  from  the  middle  lobe 
of  each  hemisphere  begins  as  a  depression  or  cleft  between  them  about  the  fourth 
month,  and,  after  the  great  longitudinal,  is  the  first  of  the  fissures  to  make  its 

IZZlTut  J?  5  f  bV?e  fiSSUrG  °f  R°land0'  and  the  vertical  figure,  and 
ZtZl  fi  I  ^  mfnal  fronto-Parie^  figure.    After  this,  the  various  sub- 

end   TtlfT  dividing  the  convolutions  gradually  make  their  appearance.    By  the 
end  of  the  third  month  the  hemispheres  have  extended  so  far  backwards  as  to 
over  he  thalami  •  at  the  fourth,  they  reach  the  corpora  quadrigem  na  ;  at  tl  a 

\  /M,CrTl,th°1Seb0dieSand  greafc  Part  of  the  cerebellum,  beyond  which  they 
project  still  further  backwards  by  the  end  of  the  seventh  month  7 

^Tf  v ,  gr°Tth  °f  the  hemisPfiere  the  aperture  of  the  foramen  of  Monro  is 
extended  backwards  ;  the  arched  margin  of  this  opening  is  curvTdownwards  at 

the  t„  ^^ZZ^^^'&S,^  Se  forepar!,,of 

minor  is  also  discernible.  momn.    At  that  period  the  hippocampus 

Pig.  396.— View  op  the  Inner 

Surface  op  the  right  half 

op  the  FffiTAL  Brain  op  about 

six  months  (from  Reichert). 

P,  frontal  lobe ;  P,  parietal  ; 
O,  occipital ;  T,  temporal  ;  I, 
olfactory  bulb ;  II,  right  optic 
nerve;  fp,  fronto-parietal  fis- 
sure ;  p,  vertical  fissure  ;  p\  in- 
ternal  vertical  fissure;  h,  hippo- 
carnpal  fissure  ;  g,  gyrus  forni- 
catus;  c,  c,  corpus  callosum  • 
*,  septum  lucidum  ;  /,  placed 
between  the  middle  commissure 
and  the  foramen  of  Monro  • 
Vy  in  the  upper  part  of  the 
third  ventricle  immediately  below 
the  velum  interpositum  and  for- 
nix ;  1/,  in  the  back  part  of  the 

<t  Z&tZfg&^g^  *  a  line  to  the  aoueduct  of  Sylvius  - 
Passing  backwards  from  the  tela^ ^ 

MEMBRANES  OE  THE  ENCEPHALON 
It  is  remarked  by  Bischoff  that  tho  • 
separation  of  the  outer  layer' of  the  prLTtLTnT  ^  arachnoid  formed  by  the 
mater  does  not  send  inwards  processed  Tn £  tC  I  *  "  masS;  aud  tllus>  th^  «5 
cular  cavities;  but  that  every  part  of^E^l^""8"  8Uld'  nor  into  «»e  ventri- 
pUxusea  and  velum  interpositlm,  is  ZlTZZ  menibr»»C  including  the  choroid 
with  the  nervous  matter.  The  dura  mate  -  on  thl tS  ^T'  P°sition  1,1  connection 
inner  surface  of  the  dorsal  plates.  '  Q  the  othcr  hand,  is  developed  from  the 


Fig.  396. 
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The  pia  mater  and  dura  mater  have  both  been  detected  about  the  seventh  or 
eighth  week,  at  which  period  the  tentorium  cerebelli  exists.  At  the  third  month, 
the  falx  cerebri,  with  the  longitudinal  and  lateral  sinuses,  are  perceptible  ;  and  the 
choroid  plexuses  of  both  the  lateral  and  fourth  ventricles  are  distinguishable.  No 
trace  of  arachnoid,  however,  can  be  seen  until  the  fifth  month. 


II.  THE  CERE BRO-S PINAL  NERVES. 


The  nerves  directly  connected  with  the  great  cerebro-spinal  centre 
constitute  a  series  of  symmetrical  pairs,  the  number  of  which  has  been 
variously  estimated  from  forty  to  forty-three.  Of  these  nerves,  when  esti- 
mated at  the  smaller  number,  nine  issue  from  the  cranium  through  different 
foramina  or  apertures  in  its  base,  and  are  thence  strictly  named  cranial. 
The  tenth  nerve  passes  out  between  the  occipital  bone  and  the  first  vertebra, 
and  the  remaining  thirty  nerve3  all  issue  below  the  corresponding  vertebral 
pieces  of  the  spine.  To  the  whole  series  of  thirty-one  nerves  the  name  of 
spinal  is  usually  given. 

A. — CRANIAL  NERVES. 

The  cranial  nerves,  besides  being  named  numerically,  according  to  the 
relative  position  of  the  apertures  for  their  exit  from  the  cranium,  have 
likewise  been  distinguished  by  other  names,  according  to  the  place  or 
mode  of  their  distribution,  and  according  to  their  functions  or  other  circum- 
stances. 

The  number  of  the  cranial  nerves  has  been  variously  stated  as  nine  or  as 
twelve  by  different  anatomists  ;  the  difference  consisting  mainly  in  this, 
that,  under  one  system,  the  nerves  which  enter  the  internal  auditory 
meatus,  and  those  which  pass  through  the  jugular  foramen,  are  in  each 
case  considered  a  single  pair  (seventh  and  eighth)  divisible  into  parts  ; 
while  under  another  system  each  of  the  nerves  is  held  to  constitute  a 
distinct  pair.  The  following  table  presents  a  synoptical  view  of  the  cranial 
nerves  uuder  these  two  modes  of  enumeration,  as  in  the  respective  systems 
of  Willis  and  of  Sommerring  : — 


Willis.* 

First  pair  of  nerves 
Second       , , 
Third  ,, 
Fourth       , , 
Fifth 
Sixth 


Seventh 

Eighth 
Ninth 


durus. 

is 


J  nervus 
\  n.  moll 


n.  vagus 
aceessorius 


SffiMMERRINO. 

First  pair  of  nerves 

Second  , , 

Third  ,, 

Fourth  ,, 

Fifth  ,, 

Sixth  ,, 

Seventh  ,, 

Eighth  ,,  » 

Ninth  ,, 

Tenth  ,, 

Eleventh  , , 

Twelfth  ,, 


Olfactory  nerves. 
Optic. 

Oculo  motor. 

Pathetic  or  trochlear. 

Trifacial  or  trigeminal. 

Abducent  ocular. 

Facial  motor. 

Auditory. 

Glosso-pharyngeal. 

Pneumo-gastric. 

Spinal  accessory. 

Hypoglossal  or  lingual  motor. 


The  arrangement  of  Sommerring  is  the  preferable  one,  as  being  the 
simplest  and  most  natural ;  for  each  of  the  parts  included  in  tho  seventh 
and  eighth  pairs  of  "Willis  is  really  a  distinct  nerve.  But  as  the  plan  of 
"Willis  is  still  in  more  general  use,  it  will  most  conveniently  be  followed 
here.  The  cranial  nerves  will  therefore,  when  not  otherwise  designated,  be 
referred  to  as  consisting  of  nine  pairs. 

«  Willis  described  the  glosso-pharyngeal  nerve  as  a  branch  of  the  vagus,  and  included 
the  suboccipital  nerve  as  a  tenth  among  the  cranial  nerves. 
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CONNECTIONS  OF  THE  CRANIAL  NERVES  WITH  THE  ENCEPHALON. 

The  roots  of  the  cranial  nerves  may  be  traced  for  some  depth  into  the 
substance  of  the  oncephalon,  a  circumstance  which  has  led  to  the  distinction 
of  the  deep  or  real  origin,  and  the  superficial  or  apparent  origin,  by  which 
latter  is  understood  the  place  at  which  the  nerve  appears  to  be  attached  to 
the  surface  of  the  encephalon.  The  superficial  origin  of  these  nerves  is 
quite  obvious,  but  their  deeper  connection  is,  in  most  cases,  still  a  matter  of 
some  uncertainty. 


Pig.    397— View  from 

BELOW  OP  THE  CONNEC- 
TION op  the  Principal 
Nerves  with  the 
Brain. 

The  full  description  of 
this  figure  will  be  found 
at  p.  538.    The  following 
references  apply  to  the 
roots  of  the  nerves  :  I', 
the  right  olfactory  tract 
divided  near  its  middle; 
II,  the  left  optic  nerve 
springing  from  the  com- 
missure which    is  con- 
cealed by  the  pituitary 
body  ;  IF,  the  right  optic 
tract ;  the  left  tract  is 
seen  passing  back  into 
i  and  e,  the  internal  and 
external  corpora  genicu- 
lata  ;  III,  the  left  oculo- 
motor nerve ;    IV,  the 
trochlear;    V,    V,  the 
large  roots  of  the  tri- 
facial nerves  ;  +  + ,  the 
lesser  roots,  the  +  of  the 
right  side  is  placed  on  the 
Gasserian  ganglLn  ;  1 
the   opthalmic  ;   2,  the 
superior  maxillary,  and 
3,  the  inferior  maxillary 
nerves  ;  VI,  the  left  ab- 
ducent nerve  ;  VII,  a,  b, 
the  facial  and  auditory 
nerves;  a,  VIII,  6,  the 
glossopharyngeal,  pneu- 
mo-gastric,  and  spinal  ac- 
cessory nerves  ;  IX,  the 
right  hypoglossal  nerve; 
at  o,  on  the  left  side,  the 
rootlets    are    seen  cut 
short ;  CI,  the  left  sub- 
occipital or  first  cervical 
nerve. 


Fig.  39: 


H  ca 


1.  The  first  or  olfactory  nerve  as  it  i«        n    i      •,  , 
comparison  with  animals,  lies  oTtfcm^        I *  deSmbed>  8ma11      *an  in 
cerebrum  to  the  outer  side of the  W of  the  interior  lobe  of  the 

of  a  large  proportion  of %rev  m,H       •     ,      ke  °ther  nerves>  ifc  consists 
y  P   uon      grey  matter  mixed  with  white  fibres,  and  indeed 
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agrees  closely  in  structure  with  the  cerebral  substance.  It  swells  into  an  oval 
enlargement,  the  olfactory  bulb,  in  front,  which  also  contains  much  grey- 
matter,  and  from  this  part  small  soft  nerves  descend  through  the  cribriform 
plate  into  the  nose.  When  traced  backwards,  it  is  found  to  be  spread  out 
and  attached  behind  to  the  under  surface  of  the  anterior  lobe  by  means  of 
three  roots,  named  external,  middle,  and  internal,  which  pass  in  different 
directions.  The  bulbous  part  is  therefore  rather  to  be  regarded  as  an 
olfactory  lobe  of  the  cerebrum  than  as  a  part  of  a  true  nerve,  while  the 
white  part  prolonged  backwards  into  the  brain,  together  with  its  so-called 
roots,  may  be  termed  the  olfactory  tract. 

The  external  or  long  root  consists  of  a  band  of  medullary  fibres,  which 
passes,  in  the  form  of  a  white  streak,  outwards  and  backwards  along  the 
anterior  margin  of  the  perforated  space,  towards  the  posterior  border  of  the 
Sylvian  fissure,  where  it  may  be  followed  into  the  substance  of  the  cere- 
brum. Its  further  connections  are  doubtful,  but  it  has  been  stated  that  its 
fibres  have  been  traced  to  the  following  parts,  viz. ,  the  convolutions  of  the 
island  of  Reil,  the  anterior  commissure,  and  the  superficial  layer  of  the 
optic  thalamus  (Valentin). 

The  middle  or  grey  root  is  of  a  pyramidal  shape,  and  consists  of  grey 
matter  on  the  surface,  which  is  prolonged  from  the  adjacent  part  of  the 
anterior  lobe  and  perforated  space.  Within  it  there  are  white  fibres,  which 
have  been  traced  to  the  corpus  striatum. 

The  internal  root  (short  root,  Scarpa),  which  cannot  always  be  demon- 
strated, is  composed  of  white  fibres  which  may  be  traced  from  the  inner  and 
posterior  part  of  the  anterior  lobe,  where  they  are  said  by  Foville  to  be 
connected  with  the  longitudinal  fibres  of  the  gyrus  fornicatus. 

The  question  whether  the  olfactory  bulbs  ought  to  be  considered  as  nerves  or  as 
cerebral  lobes  is,  if  tested  by  reference  to  the  history  of  development,  not  so  simple 
as  might  at  first  appear.  It  is  in  favour  of  their  being  regarded  as  lobes,  that  in 
the  lower  vertebrate  animals  the  olfactory  bulbs  are  generally  recognised  by  com- 
parative anatomists  as  additional  encephalic  lobes,  and  that  in  most  mammals  they 
are  much  larger  proportionally  than  in  man,  and  frequently  contain  a  cavity  or 
ventricle  in  their  interior,  and  further  that  in  their  minute  structure  they  nearly 
agree  with  the  cerebrum ;  but  as  it  is  known  that  in  the  first  development  of  the 
eye  the  peripheral  part  or  retina,  as  well  as  the  rest  of  the  optic  nerve,  is  originally 
formed  by  the  extension  of  a  hollow  vesicle  from  the  first  foetal  encephalic  compart- 
ment, so  in  the  case  of  the  olfactory  nerve,  although  the  peripheral  or  distributed  part 
is  of 'separate  origin  from  the  olfactory  bulb,  the  latter  part  is  comparable  in  its 
origin  with  the  optic  vesicle. 

2.  The  second  pair  or  optic  nerves  of  the  two  sides  meet  each  other  at 
the  optic  commissure  (chiasma),  where  they  partially  decussate.  From  this 
point  they  may  be  traced  backwards  round  the  crura  cerebri,  under  the 
name  of  the  optic  tracts. 

Each  optic  tract  arises  from  the  optic  thalamus,  the  corpora  quadri- 
gemina,  and  the  corpora  geniculata.  As  it  leaves  the  under  part  of  the 
thalamus,  it  makes  a  sudden  bend  forwards  and  then  runs  obliquely  across 
the  under  surface  of  the  cerebral  peduncle,  in  the  form  of  a  flattened  band, 
which  is  attached  by  its  anterior  surface  to  the  peduncle  ;  after  this,  becoming 
more  nearly  cylindrical,  it  adheres  to  the  tuber  cinereum,  from  which  and,  as 
stated  by  Vicq-d'Azyr,  from  the  lamina  cinerea  it  is  said  to  receive  an 
accession  of  fibres,  and  thus  reaches  the  optic  commissure. 

In  the  commissure  the  nerve-fibres  of  the  two  sides  undergo  a  partial  de- 
cussation.    The  outer  fibres  of  each  tract  continue  onwards  to  the  eye  of  the 
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same  side  :  the  inner  fibres  cross  over  to  the  opposite  side  ;  and  fibres  have 
been  described  as  running  from  one  optic  tract  to  the  other  along  the 
posterior  part  of  the  commissure,  while  others  pass  between  the  two  optic 
nerves  in  its  anterior  part  (Mayo). 

In  front  of  tbe  commissure,  the  nerve  enters  the  foramen  opticum, 
receiving  a  sheath  from  the  dura  mater  and  acquiring  greater  firmness. 

Fig.  398. 


Fig.  398.    Lateral  W  o*  the  Co*™  w  TflB  PjUMlPA1  Nm  mm  tBt  ■ 

The  full  description  of  this  figure  will  be  found  at  n  5M     Th»  n,  • 
apply  to  the  roots  of  the  nerves  :  I,  the  rieht  olfa.L  J  ?'  f    .        following  references 
optic  nerves  immediately  in  front  of  the  cotlS^  r^TonT^  ^  '  th* 

back  to  tbe  thalamus  (Th),  corpora  geniculate?,-  TV  i  S  ptlC  tracfc  13  se8n  Pass>ng 
the  right  oculo-motor  nerve  ;  IV^hfXl^  HL 
Vieussens;  V,  the  trifacial  nerVe  VI  t^hZlV^  "  h°m  near  vaWe  of 
auditory  nerves,  and  between  them  the  i^Zlr"1"  !  ^7tV'  the  fadal  ™* 
glossopharyngeal,  pneu mo- gastric   and  BS  1"teimed,a  '  a>  VIII-      the  roots  of  the 

th18  tract  is  also  connected  with  the  LZ  «Z        ?  b°dy-    Accord^g  to  Fovillc, 
of  the  gyrus  fornicatus;  and  he  states  tohe^W^  ^  WUh  the  termination 
the  back  of  the  thalamus  and  the  cerebral  nlS  f    ^  the  °ptic  tract  turas 
which  descend  from  the  grey  matter  of  those  parti fl(0  "  Sf  p  °5u]  &blC*' 

Q  Q 
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3.  The  third  pair  of  nerves  (motores  oculorum)  have  their  apparent  or 
superficial  origin  from  the  inner  surface  of  the  crura  cerebri  in  the  inter- 
peduncular space,  immediately  in  front  of  the  pons.  Each  nerve  consists 
of  a  number  of  funiculi  which  arise  in  an  oblique  line  from  the  surface. 

The  deeper  fibres  of  origin,  when  followed  into  the  crus,  are  found  to  diverge 
in  its  substance,  some  being  traced  to  the  locus  niger,  others  running  down- 
wards in  the  pons  among  its  longitudinal  fibres,  and  others  turning  upwards  to  be 
connected  with  the  corpora  quadrigemina  and  Vieussenian  valve.  According  to 
Stilling,  with  whom  Kblliker  agrees,  the  major  part  of  the  fibres  arise  from  a  grey 
nucleus  in  the  floor  of  the  Sylvian  aqueduct,  close  to  the  origin  of  some  fibres  of  the 
fourth  nerve. 

4.  The  fourth  pair,  pathetic  or  trochlear  nerves,  the  smallest  of  those 
which  are  derived  from  the  brain,  are  seen  at  the  outer  side  of  the  crura 
cerebri  immediately  before  the  pons.  Each  nerve  may  be  traced  backwards 
round  the  peduncle  to  a  place  below  the  corpora  quadrigemina,  where  it  arises 
from  the  upper  part  of  the  valve  of  Vieussens.  Kolliker  states  that  under 
the  corpora  quadrigemina  the  fibres  of  origin  are  divided  into  two  bundles  ; 
the  anterior  being  traceable  through  the  lateral  Avail  of  the  aqueduct  of 
Sylvius  to  its  floor,  where  it  arises  from  a  grey  nucleus  close  to  the  middle 
line  ;  the  posterior  bundle  being  derived  from  a  grey  nucleus  in  the  floor  of 
the  fourth  ventricle,  close  to  the  origin  of  the  fifth  nerve.  The  roots  of  the 
nerves  of  opposite  sides  are  connected  together  across  the  middle  line  in  the 
form  of  a  white  band  or  commissure  in  the  substance  of  the  velum. 

5.  The  fifth  pair  of  nerves,  par  trigeminum,  trifacial  nerves,  take  their 
superficial  origin  from  the  side  of  the  pons  Varolii,  where  the  transverse 
fibres  of  the  latter  are  prolonged  into  the  middle  crus  cerebelli,  considerably 
nearer  to  the  upper  than  to  the  lower  border  of  the  pons. 

The  fifth  nerve  consists  of  a  larger  or  sensory,  and  a  smaller  or  motor 
root.  The  smaller  root  is  at  first  concealed  by  the  larger,  and  is  placed  a 
little  higher  up,  there  being  often  two  or  three  cross  fibres  of  the  pons 
between  them.  On  separating  the  two  roots,  the  lesser  one  is  seen  to 
consist  of  a  very  few  funiculi.  In  the  larger  root  the  funiculi  are  numerous, 
amounting  sometimes  to  nearly  a  hundred. 

Deep  origin. — The  greater  root  runs  behind  the  transverse  fibres  of  the  pons  towards 
the  lateral  part  of  the  medulla  oblongata  at  the  back  of  the  olivary  body.  Several 
anatomists  trace  it  into  the  floor  of  the  fourth  ventricle,  between  the  fasciculi  teretes 
and  the  restiform  bodies.  By  some  it  is  considered  to  be  continuous  with  the  fasci- 
culi teretes  and  lateral  columns  of  the  cord,  whilst  others  connect  it  with  the  grey 
mass  which  is  regarded  by  Stilling  as  the  nucleus  of  the  glosso-pharyngeal  nerve. 

The  motor  root  was  supposed  by  Bell  to  descend  to  the  pyramidal  body,  and 
Retzius  believes  that  he  has  confirmed  that  opinion  by  dissection  :  but  it  would 
appear  that  the  deep  connection  of  this  root  is  not  yet  known  with  certainty. 
According  to  Stilling  the  fibres  pass  through  the  pons  to  the  floor  of  the  fourth 
ventricle,  and  have  their  origin  in  its  grey  matter. 

According  to  Foville,  some  of  the  fibres  of  the  sensory  root  of  the  fifth  nerve  are 
connected  with  transverse  fibres  in  the  pons,  whilst  others  spread  out  on  the  surface 
of  the  middle  peduncle  of  the  cerebellum,  and  enter  that  part  of  the  encephalon 
beneath  the  folia. — (Op.  cit.  p.  506.) 

6.  The  sixth  nerve  (abducens),  motor  oculi  extermis,  takes  its  apparent 
origin  from  between  the  pyramidal  body  and  the  pons  Varolii  by  means 
of  a  larger  and  a  smaller  bundle.  It  is  connected  with  the  pyramid,  and 
to  a  small  extent  with  the  pons  also.    Phillipeaux  and  Vulpian,  with  whom 
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Kolliker  concurs,  state  that  the  fibres  may  be  traced  more  deeply  to  the 
floor  of  the  fourth  ventricle. 

7.  The  seventh  pair  of  nerves  appear  on  each  side  at  the  posterior  margin 
of  the  pons,  between  the  middle  and  inferior  peduncles  of  the  cerebellum, 
and  nearly  in  a  line  with  the  place  of  attachment  of  the  fifth  nerve. 


line 


Deep  origins. — The  portio  dura  or  facial  nerve,  placed  a  little  nearer  to  the  middle 
than  the  portio  mollis,  may  be  traced  to  the  medulla  oblongata  between  the  resti- 
form  and  olivary  fasciculi,  with  both  of  which  it  is  said  to  be  connected.  Some  of  its 
fibres  are  derived  from  the  pons.  Phillipeaux  and  Vulpian  affirm  that  the  fibres  arise 
from  the  outer  wall  of  the  fourth  ventricle,  and  that  many  of  them  decussate  in  its 
floor. 

Connected  with  the  portio  dura,  and  intermediate  between  it  and  the  portio 
mollis,  is  a  smaller  white  funiculus,  first  described  by  Wrisberg  (portio  inter  duram  et 
mollem).  The  roots  of  this  accessory  or  intermediate  portion  are  connected  deeply 
with  the  lateral  column  of  the  cord. 

The  portio  mollis,  or  auditory  nerve,  rises  from  the  floor  of  the  fourth  ventricle,  at 
the  back  of  the  medulla  oblongata,  in  which  situation,  as  already  described,  trans- 
verse white  striae  are  seen,  which  form  the  commencement  of  the  nerve.  These 
roots  are  connected  with  the  grey  matter,  and  some  appear  to  come  out  of  the  median 
fissure.  The  nerve  then  turns  round  the  restiform  body,  and  becomes  applied  to  the 
lower  border  of  the  pons,  receiving  accessions  from  the  former  of  those  parts,  and 
according  to  some  authors  from  the  latter  also. 

Foville  says  that  the  roots  of  the  portio  mollis  are  also  connected  by  a  thin  layer 
on  the  under  surface  of  the  middle  peduncle  with  the  cortical  substance  of  the  cere- 
bellum ;  also,  with  the  small  lobule  named  the  flocculus ;  and  with  the  grey  matter  at 
the  borders  of  the  calamus  scriptorius. 

8.  The  eighth  nerve  consists  of  three  distinct  portions. 

The  uppermost  portion  is  the  glossopharyngeal  nerve  ;  next  to  this,  and 
lower  down,  is  the  par  vagum  or  pneumo-gastric  nerve  consisting  of  a  larger 
number  of  cords.  The  roots  of  both  these  nerves  are  attached  superficially 
to  the  fore  part  of  the  restiform  body.  Still  lower,  is  the  spinal  accessory 
nerve,  which,  ascending  from  the  side  of  the  spinal  cord,  enters  the  skull  by 
the  foramen  magnum,  and  is  associated  with  the  pneumo-gastric  nerve  as  it 
passes  out  through  the  foramen  laceruin. 

The  accessory  nerve  arises  within  the  spinal  canal  from  the  lateral 
column  of  the  cord,  behind  its  middle,  by  a  series  of  slender  roots,  which 
commence  as  low  down  as  the  fifth  or  sixth  cervical  nerve.  The  nerve 
passes  upwards  between  the  posterior  roots  of  the  cervical  nerves  and  the 
l.gamentum  denticulatum,_-the  several  funiculi  of  origin  successively  ioining 
it  as  it  ascends.  On  entering  the  skull,  it  receives  funiculi  from  the  side 
of  the  medulla  oblongata. 

These  three  portions  of  the  eighth  pair  are  connected  deeply  with  grey  nuclei 
within  the  cord  and  medulla  oblongata,  as  already  described  (see  p  521) 

^/^he  m^  nerve  ihyP°gl°SSal)  arises>  ™  a  line  continuous  with  that 
of  the  anterior  roots  of  the  spinal  nerves,  by  scattered  funiculi  from  the 
furrow  between  the  olivary  body  and  the  anterior  pyramid. 

The  roots  of  the  ninth  nerve  are  traced  hv  Stiiii™  ,u  ,  .  , 

described  in  the  medulla  oblon  Jta  anffW  ^    ^  grCy  nuclei  already 

DISTRIBUTION  OP  THE  CRANIAL  NERVES 

Mode  of  exit  from  the  cranium.  —Each  of  +ha  «.o„;  i 

first  from  the  cranial  cavity  through  -  f  nerVeS  1SSUeS  at 

the  dura  mater:  *me7Z£wll   *T?n  "  Pr°lon^tion  of 

inose  nerves  or  their  main  divisions  are  contained 

Q  Q.  2 
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in  distinct  foramina  of  the  cranium,  others  are  grouped  together  in  one 
foramen.  The  numerous  small  olfactory  nerves  descend  into  the  nose 
through  the  cribriform  plate  of  the  ethmoid  bone  ;  the  optic  nerve  pierces 
the  root  of  the  lesser  wing  of  the  sphenoid  bone,  the  third,  fourth,  and 
sixth  nerves,  with  the  ophthalmic  division  of  the  fifth  nerve,  pass  through  the 

Fig.  399. 


Fig.  399. —Internal  View  of  the  Base  of  tue  Skull,  showing  the  places  of  exit  of 

the  Cranial  Nerves. 

The  dura  mater  is  left  in  great  part  within  the  hase  of  the  skull ;  the  tentorium  is 
removed  and  the  venous  sinuses  are  opened.  On  the  left  side  a  small  portion  of  the  roof 
of  the  orbit  has  been  removed  to  show  the  relation  of  certain  nerves  at  the  cavernous 
sinus  and  in  the  sphenoidal  fissure.  The  roots  of  the  several  cranial  nerves  have  been 
divided  at  a  short  distance  inside  the  foramina,  of  the  dura  mater  through  which  they 
respectively  pass.  J,  the  bulb  of  the  olfactory  nerve  lying  over  the  cribriform  plate  of 
the  ethmoid  bone  ;  II,  the  optic  nerves,  that  of  the  left  side  cut  short ;  III,  placed  on  the 
pituitary  body,  indicates  the  common  oculo-motor  nerve  ;  IV,  the  trochlear  nerve  ;  V,  is 
placed  on  the  left  side  opposite  to  the  middle  of  the  three  divisions  of  the  trigeminus, 
■which,  together  with  the  ganglion  and  greater  root,  have  been  exposed  by  opening  up 
the  dura  mater  ;  on  the  right  side  the  greater  root  is  seen  ;  VI,  placed  below  the  foramen 
of  exit  of  the  abducent  ocular  ;  VII,  placed  on  the  upper  part  of  the  petrous  bone  oppo-, 
site  the  entrance  of  the  facial  and  auditory  nerves  into  the  meatus  auditorius  internus  ; 
VIII,  placed  on  the  petrous  bone  outside  the  jugular  foramen  opposite  the  place  of  exit 
of  the  three  divisions  of  the  eighth  pair  of  nerves  ;  IX,  placed  upon  the  basilar  part  of 
the  occipital  bone  in  front  of  the  hypoglossal  nerve  as  it  passes  through  the  anterior 
condyloid  foramen.  On  the  left  side  at  the  cavernous  sinus,  the  third,  fourth,  and 
ophthalmic  division  of  the  fifth  nerves  are  seen  keeping  towards  the  outer  side,  while  the 
sixth  nerve  is  deeper  and  close  to  the  internal  carotid  artery.  The  explanation  of  the 
remaining  references  in  this  figure  will  Lc  found  at  p.  461. 
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sphenoidal  fissure  ;  the  superior  maxillary  and  inferior  maxillary  divisions 
of  the  fifth  pass  respectively  through  the  foramen  rotundum  and  foramen 
ovale  of  the  great  wing  ;  the  facial  and  auditory  nerves  pierce  the  petrous 
bone  ;  the  three  parts  of  the  eighth  pair  descend  in  separate  canals  of  the 
dura  mater  through  the  anterior  part  of  the  jugular  foramen  between  the 
petrous  and  occipital  bones,  and  the  hypoglossal  nerve  passes  through  the 
anterior  condyloid  foramen  of  the  occipital  bone. 

General  distribution. — The  greater  number  of  the  cranial  nerves  are  en- 
tirely confined  in  their  distribution  within  the  limits  of  the  head  ;  as  in  the 
case  of  the  first  six  pairs  and  the  auditory  nerve.  Of  these  the  olfactory, 
optic,  and  auditory  are  restricted  to  their  respective  organs  of  sense  ;  while 
the  third,  fourth,  and  sixth  are  exclusively  motor  nerves  in  connection  with 
the  external  and  internal  muscles  of  the  eyeball  and  that  of  the  upper  eye- 
lid. In  the  remaining  nerve,  the  fifth  or  trifacial,  all  the  fibres  derived 
from  the  greater  root,  and  connected  with  the  Gasserian  ganglion,  are  en- 
tirely sensory  in  their  function,  and  constitute  the  whole  of  the  first  and 
second  and  the  greater  part  of  the  third  division  of  the  nerve  :  but  the 
last  of  these  divisions  has  associated  with  it  the  fibres  of  the  lesser  root 
so  as  to  become  in  some  degree  a  compound  nerve.  As  a  nerve  of  sensa- 
tion the  trifacial  occupies  in  its  distribution  the  greater  part  of  the  head 
superficially  and  deeply,  excepting  the  interior  of  the  cranium  and  that 
part  of  the  scalp  which  is  situated  in  the  region  behind  a  perpendicular  line 
passing  through  the  external  auditory  meatus.  The  muscular  distribution 
of  the  inferior  division  of  the  fifth  nerve  is  chiefly  to  the  muscles  of  masti- 
cation. 

Of  the  remaining  nerves,  the  facial  and  hypoglossal,  both  exclusively 
motor  m  function,  are  almost  entirely  cephalic  in  their  distribution  •  the 
facial  nerve  giving  fibres  to  all  the  superficial  and  a  few  of  the  deeper 
muse  es  of  the  head  and  face;  and  the  ninth  or  hypoglossal  supplying  the 
muscles  of  the  tongue.  Of  the  facial,  however,  a  small  branch  joins 
one  of  the  cervical  nerves  in  the  platysma  myoides  ;  and  of  the  ninth,  the 
descending  branch  supplies  in  part  the  muscles  of  the  neck  which  depress 
the  hyoid  bone  and  larynx.  ^ 

Of  the  three  parts  of  the  eighth  pair,  ranked  as  cranial  nerves  in  conse- 
quence of  their  passing  through  one  of  the  foramina  of  the  cranium,  two  have 
only  a  very  limited  distribution  in  the  head,  and  furnish  nerves  in  much 
greater  proportion  to  organs  situated  in  the  neck  and  thorax.  One  of  these 
the  pneumo-gastne  after  giving  a  small  branch  to  the  ear-passages,  and  sup- 
plying nerves  to  the  larynx  and  pharynx,  the  trachea,  gullet,  the  Ws 

stmacTi  '  S/othe1" ^  ^  ™  ^  "™ 

stomach.    The  other,  the  spinal  accessory,  which  is  partially  united  with 

the  glossopharyngeal  and  pneumo-gastric  near  their  origin  and  thus  furniThes 

some  of  their  mo  or  fibres,  is  entirely  a  motor  nerve,  and  is  diBWbSSd  S 

Pharynx,  anJ  part  of  the  « t0  tongue, 

^S£E£t;;ri in  n,ustration  °f  th° 

opened  up  to  the  depth  of  the  several  foraminaTrn,  ,°  T? ?,  0rMt  ,UVe  been 
greater  part  of  the  lower  jaw  has  also  1 ZT  ?Ugh  whlch  Ulc  ncrves  Pass-  TIlc 
pharynx,  and  larynx  are  ^rti  1  y  Sview    'Z^  ?  ft  illld  H»  toi^e> 

incision  passing  down  from  the  occ  niS 'tm      0CCIPltal  1,0,10  haa         divided  by  an 
left  of  the  foramen  magnum T * ^SfZS*^  ^«SM*?  condyle  to  the 
s     u.    ine  ceivical  vertebraa  have  been  divided  to  the  left  ot 
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the  middle,  and  the  sheath  of  the  spinal  cord  opened  so  as  to  expose  the  roots  of  the 
cervical  nerves. 

Fig.  400,  A. 


Fig.  400. — A.  Semidiaqrammatio  View  of  a  Deep  Dissection  op  the  Cranial  Nerves 
on  the  left  side  of  tue  Head  (from  various  authors  and  from  nature).  B.  Explana- 
tory Outline  of  the  same.  ^ 

The  roman  numerals  from  I  to  IX  indicate  the  roots  of  the  several  cranial  nerves  as 
they  lie  in  or  near  their  foramina  of  exit.  V,  is  upon  the  great  root  of  the  fifth  with  the 
ganglion  in  front ;  a  and  6,  in  connection  with  VII,  indicate  respectively  the  facial  and 
auditory  nerves  ;  a,  b,  and  c,  in  connection  with  VIII,  point  respectively  to  the  glosso- 
pharyngeal, pueumo-gastric,  and  spinal  accessory  nerves  ;  CI,  the  sub-occipital  or  first 
cervical  nerve  ;  C  VIII,  the  eighth.  The  branches  or  distributed  parts  of  the  nerves  are 
marked  as  follows,  viz.  : — 1,  frontal  branch  of  the  fifth ;  2,  lachrymal  passing  into  the  gland ; 
3,  nasal  passing  towards  the  internal  orbitary  foramen  and  giving  the  long  twig  to  the  ciliary 
ganglion  (4') ;  3',  external  branch  of  the  internal  nasal  nerve;  4,  lower  branch  of  the  third 
or  oculo-motor  nerve;  5,  the  superior  maxillary  division  of  the  fifth  passing  into  the  infra- 
orbital canal ;  5',  its  issue  at  the  infraorbital  foramen  and  distribution  as  inferior 
palpebral,  lateral  nasal,  and  superior  labial  nerves  (5") ;  6,  ganglion  of  Meckel  and 
Vidian  nerve  passing  back  from  it ;  6',  palatine  and  other  nerves  descending  from  it ;  6", 
superior  petrosal  nerve  ;  7,  posterior  superior  dental  nerves  ;  7',  placed  in  the  antrum 
maxillare,  which  has  been  opened,  points  to  the  anterior  superior  dental  nerves  ;  8, 
inferior  maxillary  division  of  the  fifth  immediately  below  the  foramen  ovale  ;  8',  some  of 
the  muscular  branches  coming  from  it  ;  8  x  ,  the  anterior  auricular  branch  cut  short,  and 
above  it  the  small  petrosal  nerve  to  join  the  facial  nerve  ;  9,  buccal  and  internal  ptery- 
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goid  ;  10,  gustatory  nerve;  10',  its  distribution  to  the  side  and  front  of  the  tongue  and 
to  the  sublingual  glands ;  10",  the  submaxillary  ganglion  connected  with  the  gustatory 

Fig.  400,  B. 


nerve  ;  below  10,  the  chorda  tympani  passing  back  from  the  gustatory  to  join  the  facial 
nerve  above  12  ;  11,  inferior  dental  nerve  ;  11',  the  same  nerve  and  part"  of  its  dental  distri- 
bution exposed  by  removal  of  the  jaw  ;  11"  termination  of  the  same  as  mental  and  inferior 
labial  nerves  ;  12,  the  twigs  of  the  facial  nerve  to  the  posterior  belly  of  the  digastric  and 
to  the  stylo-hyoid  muscle  immediately  after  its  exit  from  the  stylo-mastoid  foramen  ■  12' 
the  temporo-facial  division  of  the  facial;  12",  the  cervico-facial  division  ;  13,  the  trunk 
of  the  glosso-pharyngeal  passing  round  the  stylo-pharyngeus  muscle  after  giving  pharyngeal 
and  muscular  branches  ;  13',  its  distribution  on  the  side  and  back  part  of  the  tongue  • 
14,  the  spinal  accessory  nerve,  at  the  place  where  it  crosses  the  ninth  and  gives  a  com- 
municating branch  to  the  pneumo-gastric  and  glosso-pharyngeal  nerves  •  14'  the  same 
ETtnf"  h-VTS  P—4  *•  sternofemastoid  mufcle  uniTng'  w,tii  brar  ches 

hs  d  sTHblon7neStL15'  T?  '  W'       twi«  *°  the  thyrohyoid  muscle 

U  ,  its  distribution  in  the  muscles  of  the  tongue;  16,  descendens  noni  nerve  eivinir 
a  direct  branch  to  the  upper  belly  of  the  omo-hyo id  muscle,  and  rece  ving  Ihe  com- 
municating branches  16  x  from  the  cervical  nerve ;  17,  pneumo^astric  nerve  -17°  its 
superior  laryngeal  branch  ;  17",  external  laryngeal  twig  ;  IS^rTlerZl'^Uon 
of  the  sympathetic  nerve,  uniting  with  the  upper  cervical  nerve  ^  Ld  g  vTng  at  18' 

SndioT  un \Z  ST™  ^  tnmk  °f  *he  Wtbetic  ;  19',  the  rSddte  cervical 
ganglion,  uniting  with  eome  of  the  cervical  nerves,  and  giving  19",  the  large  middle 
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OLFACTORY  NERVE. 

The  olfactory  or  first  cranial  nerve,  the  special  nerve  of  the  sense  of  smell, 
is  distributed  exclusively  to  the  nasal  fossse. 

From  the  under  surface  of  the  olfactory  bulb  about  twenty  branches 
proceed  through  the  holes  in  the  cribriform  plate  of  the  ethmoid  bone,  each 
invested  by  tubular  prolongations  of  the  membranes  of  the  brain.  These 
tubes  of  membrane  vary  in  the  extent  to  which  they  are  continued  on  the 
branches  :  the  offsets  of  the  dura  mater  sheathe  the  filaments,  and  join  the 
periosteum  lining  the  nose  ;  those  of  the  pia  mater  become  blended  with 
the  neurilemma  of  the  nerves  ;  and  those  of  the  arachnoid  re-ascend  to  the 
serous  lining  of  the  skull. 


Fig.  401. 


Fig.  401. — Distribution  of  the  Olfaotory  Nerves  on  the  Septum  of  the  Nose  (from 
Sappey  after  Hirschfeld  and  Leveilld).  § 

The  septum  is  exposed  and  the  anterior  palatine  canal  opened  on  the  right  side.  I, 
placed  above,  points  to  the  olfactory  bulb,  and  the  remaining  roman  uumbers  to  the  roots 
of  the  several  cranial  nerves  ;  1,  the  small  olfactory  nerves  as  they  pass  through  the 
cribriform  plate  ;  2,  internal  or  septal  twig  of  the  nasal  branch  of  the  ophthalmic  nerve  ; 
-3,  naso-palatine  nerves.  (See  Fig.  409  for  a  vkw  of  the  distribution  of  the  olfactory 
nerves  on  the  outer  wall  of  the  nasal  fossa.) 

The  branches  are  arranged  in  three  sets.  Those  of  the  inner  set,  lodged  for 
some  distance  in  grooves  on  the  surface  of  the  bone,  ramify  in  the  pituitary 
membrane  of  the  septum  ;  the  outer  set  extend  to  the  upper  two  spongy  bones, 
and  the  plane  surface  of  the  ethmoid  bone  in  front  of  these  ;  and  the  middle 
set,  which  are  very  short,  are  confined  to  the  roof  of  the  nose.  The  distri- 
bution of  the  olfactory  nerve  is  confined  to  the  upper  part  of  the  nasal 
fossa  ;  none  of  the  branches  reach  the  lower  spongy  bone. — (See  Anatomy 
of  the  Nose. ) 

OPTIC  NERVE. 

The  optic  or  second  cranial  nerve,  the  nerve  of  vision,  extending  from 
the  optic  commissure,  becomes  more  cylindrical  and  firm  as  it  diverges  from 
its  fellow  and  enters  the  orbit  by  the  optic  foramen.  Within  the  orbit  it 
forms  a  cylindrical  trunk,  thick  and  strong,  with  a  uniform  surface.     On  dis- 
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section  it  is  seen  to  consist  of  a  number  of  separate  bundles  of  nerve  fibres 
imbedded  in  tough  fibrous  tissue  prolonged  from  the  dura  mater,  and  per- 
forated in  the  centre  by  the  small  arteria  centralis  retinas,  which  passes  into 
it  soon  after  it  enters  the  orbit.  It  is  surrounded  by  the  recti  muscles 
and,  entering  the  eyeball  posteriorly  a  little  to  the  inside  of  its  middle,  it 
pierces  the  sclerotic  and  choroid  coats,  aud  expands  in  the  retina.— (See  the 
Anatomy  of  the  Eye.) 

It  may  be  mentioned  that  in  many  fishes  the  optic  nerves  do  not  unite  in  a  com- 
missure, but  merely  cross  each  to  the  side  opposite  to  that  of  their  origin ;  and  that 
in  a  number  of  the  same  animals,  as  was  first  pointed  out  by  Malphighi/the  nerve 
consists  of  a  lamina  thrown  into  complicated  longitudinal  plications,  and  surrounded 
by  a  sheath. 


THIRD  PAIR  OF  NERVES. 
This  nerve,  the  common  motor  nerve  of  the  eyeball  (motorius  oculi), 
gives  branches  to  five  of  the  seven  muscles  of  the  orbit,— viz.,  to  the 


Fig.  402. 


Fig.  402.— View  from  above 
of  the  Uppermost  Nerves 
of  the  Orbit,  the  Gas- 
serian  Ganglion,  &o.  (from 
Sappey  after  Hirschfeld  and 
Leve'dle").  § 

I,  the  olfactory  tract  passing 

forwards  into  the  bulb  ;  II,  the 

commissure  of  the  optic  nerves; 

III,  the  oculo-motor  ;  IV,  the 

trochlear  nerve ;  V,  the  greater 

root  of  the  fifth  nerve,  a  small 

portion  of  the  lesser  root  is 

seen  below  it ;  VI,  the  sixth 

nerve  ;  VII,  facial ;  VIII,  audi- 
tory ;  IX,  glossopharyngeal  ; 
X,  pneurao-gastric  ;  XI,  spinal 
accessory ;  XII,  hypoglossal  ; 
1,  the  Gasserian  ganglion ;  2, 
ophthalmic  nerve ;  3,  lachrymal 
branch  ;  4,  frontal ;  5,  external 
frontal  or  supraorbital  ;  6, 
internal  frontal  ;  7,  supra- 
trochlear branch ;  8,  nasal 
nerve ;  9,  infratrochlear 
branch;  10,  internal  nasal 
passing  through  the  internal 
orbital  foramen  ;  11,  anterior 
deep  temporal  proceeding  from 
the  buccal  nerve;  12,  middle 
deep  temporal;  13,  posterior 
deep  temporal  arising  from  the 
masseteric;  14,  origin  of  the 
temporo-auricular  ;  15,  great  superficial  petrosal  nerve. 
Buperior,  internal  and  inferior  atrairrhf  ™„™i  , 

to  the  inferior  oblique  musX  ^  *°  the  levator  P^w,  and 

Cylindrical  and  firm,  like  tho  i 
quitting  the  investment  'of  the  arachnoi  1  mT  ft  ^'^  ^ 
of  the  dura  mater  close  to  the tSfaT^  P16rCeS  th<3  inner  ^ 
towards  the  sphenoidal  fissure  lvhJ Z  «       !      ?  pr°CeS3'  and  Proceo^ 
cavernous  sinus  '  Y  S  Q  tHe  external  fibr°us  boundary  of  the 
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After  receiving  one  or  two  delicate  filaments  from  the  cavernous  plexus  of 
the  sympathetic,  the  third  nerve  divides  near  the  orbit  iuto  two  parts,  which 
are  continued  into  that  cavity  between  the  heads  of  the  external  rectus 
muscle,  and  separated  one  from  the  other  by  the  nasal  branch  of  tho 
ophthalmic  nerve. 

The  upper,  the  smaller  part,  is  directed  inwards  over  the  optic  nerve  to 
the  superior  rectus  muscle  of  the  eye  and  the  elevator  of  the  eyelid,  to  both 
which  muscles  it  furnishes  branches. 

The  lower  and  larger  portion  of  the  nerve  separates  into  three  brauches  ; 
of  these  one  reaches  the  inner  rectus  ;  another  the  lower  rectus  ;  and  the 
third,  the  longest  of  the  three,  runs  onwards  between  the  lower  and  the 
outer  rectus,  and  terminates  below  the  ball  of  the  eye  iu  the  inferior 
oblique  muscle.  The  last-mentioued  branch  is  connected  with  the  lower 
part  of  the  lenticular  ganglion  by  a  short  thick  cord,  and  gives  two  filaments 
to  the  lower  rectus  muscle. 

The  several  branches  of  the  third  nerve  enter  the  muscles  to  which  they 
are  distributed  on  the  surface  which  in  each  looks  towards  the  eyeball. 

Position  of  certain  nerves  at  the  cavernous  siiius,  and  as  they  enter  the 
orbit. — There  are  several  nerves,  besides  the  third,  placed  close  together  at 
the  cavernous  sinus,  and  entering  the  orbit  through  the  sphenoidal  fissure. 
To  avoid  repetition  hereafter,  the  relative  positions  of  these  nerves  may 
now  be  described.  The  nerves  thus  associated  are  the  third,  the  fourth, 
the  ophthalmic  division  of  the  fifth,  and  the  sixth. 

At  the  cavernous  sinus. — In  the  dura  mater  which  bounds  the  cavernous 
sinus  on  the  outer  side,  the  third  and  fourth  nerves  and  the  ophthalmic 
division  of  the  fifth  are  placed,  as  regards  one  another,  in  their  numerical 
order  both  from  above  downwards  and  from  within  outwards.  The  sixth 
nerve  is  placed  separately  from  the  others  close  to  the  carotid  artery, 
on  the  floor  of  the  sinus  and  internal  to  the  fifth  nerve.  Near  the  sphe- 
noidal fissure,  through  which  they  enter  the  orbit,  the  relative  position  of 
the  nerves  is  changed,  the  sixth  nerve  being  here  close  to  the  rest,  and 
their  number  is  augmented  by  the  division  of  the  third  and  the  ophthalmic 
nerves — the  former  into  two,  the  latter  into  three  parts. 

In  the,  sphenoidal  Jissure. — The  fourth,  and  the  frontal  and  lachrymal 
branches  of  the  fifth,  which  are  here  higher  than  the  rest,  lie  on  the  same 
level,  the  fourth  being  the  nearest  to  the  inner  side,  and  enter  the  orbit 
above  the  muscles.  The  remaining  nerves  pass  between  the  heads  of  the 
outer  rectus  muscle,  in  the  following  relative  position  to  each  other  :  the 
upper  division  of  the  third  highest,  the  nasal  branch  of  the  fifth  next,  the 
lower  division  of  the  third  beneath  these,  and  the  sixth  lowest  of  all. 

FOURTH  PAIR  OF  NERVES. 

The  fourth  (cervus  trochlearis,  n.  patheticus)  is  the  smallest  of  the  cranial 
nerves,  and  is  distributed  entirely  to  tho  upper  oblique  muscle  of  the 
orbit. 

From  the  remoteness  of  its  place  of  origin,  the  part  of  this  nerve  within 
the  skull  is  longer  than  that  of  any  other  cranial  nerve.  It  enters  an  aperture 
in  the  free  border  of  the  tentorium,  outside  that  for  the  third  nerve,  and 
near  the  posterior  clinoid  process.  Continuing  onwards  through  the  outer 
wall  of  the  cavernous  sinus,  the  fourth  nerve  enters  the  orbit  by  the 
sphenoidal  fissure,  and  above  the  muscles.  Its  position  with  reference  to 
other  nerves  in  this  part  of  its  course  has  been  already  described. 


Fouirrn  pair. 
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In  the  orbit,  the  fourth  nerve  inclines  inwards  above  the  muscles,  and 
enters  finally  the  upper  oblique  muscle  at  its  orbital  surface. 

While  iu  its  fibrous  canal  in  the  outer  wall  of  the  sinus,  the  fourth  nerve  is  joined 
by  filaments  of  the  sympathetic,  and  not  unfrequently  is  blended  with  the  ophthalmic 


Fig.  403. — View  from  above  op  the  Motor  Nerves  Fig.  403. 

op  the  Kteball  and  its  Mcsoles  (after  Hirsch- 
feld  and  Leveilld,  altered). 

The  ophthalmic  division  of  the  fifth  pair  has  been 
cut  short;  the  attachment  of  the  muscles  round  the 
optic  nerve  has  been  opened  up,  and  the  three  upper 
muscles  turned  towards  the  inner  side,  their  anterior 
parts  being  removed  ;  a  part  of  the  optic  nerve  is  cut 
away  to  show  the  inferior  rectus ;  and  a  part  of  the 
sclerotic  coat  and  cornea  is  dissected  off  showing  the 
iris,  zona  ciliaris,  and  choroid  coat,  with  the  ciliary 
nerves. 

a,  the  upper  part  of  the  internal  carotid  artery 

emerging  from  the  cavernous  sinus  ;  b,  the  superior 

oblique  muscle  ;  b',  its  anterior  part  passing  through 

the  pulley ;  c,  the  levator  palpebrae  superioris  ;  d, 

the  superior  rectus  ;  e,  the  internal  rectus  ;  /,  the 
.  external  rectus ;  /',  its  upper  tendon  turned  down  ; 

g,  the  inferior  rectus ;  h,  insertion  of  the  inferior 

oblique  muscle. 

II,  the  commissure  of  the  optic  nerve  ;  II',  part 

of  the  optic  nerve  entering  the  eyeball ;  III,  the 

common  oculo-motor ;  IV,  the  fourth  or  trochlear 

nerve  ;  V,  the  greater  root  of  the  trigeminus  ;  V 

the  smaller  or  motor  root ;  VI,  the  abducent  nerve' 

1,  the  upper  division  of  the  third  nerve  separating 

from  the  lower  and  giving  twigs  to  the  levator  palpe- 
bral and  superior  rectus  ;   2,  the  branches  of  the 

lower  division  supplying  the  internal  and  inferior 
recti  muscles  ;  3,  the  long  branch  of  the  same  nerve 
proceeding  forward  to  the  inferior  oblique  muscle 
and  close  to  the  number  3,  the  short  thick  branch 
to  the  ciliary  ganglion  :  this  ganglion  is  also  shown 

pused  b«.,.„  the  Xerotic  „d  cSd  S  "       ?$ZS£?3?*?Z  "ft*  h*™'S 


FIFTH  PAIR  OF  NERVES. 
The  fifth,  or  trifacial  nerve  (nerv  trio-emir,,,^  , 
is  analogons  to  the  spinal  nerves,  7n  re  CtTu    "      f  *  J*™*  ^ 
a  sensory  part,  and  that  the  sensory fibre*  ms    IrTT      &  7  F* 
the  motor  do  not.    Its  sensorv  diviLn      >?  u  "gh  a  SauSll0n 

common  sensibility  to  th fa  e  and Tf«      \"  T?1  ^  ^ 
the  eye,  the  nosefthe  ea  ,  and  the  moth  ?     /  ^  M  Wel1  "  to 

the  tongue  with 'the  ^o^^^ZT  ^  "  * 
supplies  chiefly  the  muscles  of  mastication. 


The  motor  root 
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The  roots  of  the  fifth  nerve,  after  emerging  from  the  surface  of  the 
encephalon,  are  directed  forwards,  side  by  side,  to  the  middle  fossa  of  the 
skull,  through  a  recess  in  the  dura  mater  on  the  summit  of  the  petrous 
part  of  the  temporal  bone.    Here  the  larger  root  alters  in  appearance  :  its 

Fig.  404.  —  General 
Plan  op  the  Bran- 
ches op  the  Fipth 
Pair  (after  a  sketch 
by  Charles  Bell)  £ 

1,  lesser  root  of  the 
fifth  pair  ;  2,  greater 
root  passing  forwards 
iuto  the  Gasserian  gang- 
lion ;  3,  placed  on  the 
bone  above  the  ophthal- 
mic nerve,  which  is 
seen  dividing  into  the 
supraorbital,  lachrymal, 
and  nasal  brailches,  the 
latter  connected  with  the 
ophthalmic  ganglion  ;  4, 
placed  on  the  bone  close 
to  the  foramen  rotun- 
dum,  marks  the  supe- 
rior maxillary  division, 
which  is  connected  be- 
low with  the  spheno- 
palatine ganglion,  and 
passes  forwards  to  the 
infraorbital  foramen  ; 
5,  placed  on  the  bone 
over  the  foramen  ovale, 
marks  the  submaxillary 
nerve,  giving  off  the 
anterior  auricular  and 
muscular  branches,  and 
continued  by  the  inferior 
dental  to  the  lower  jaw,  and  by  the  gustatory  to  the  tongue  ;  a,  the  submaxillary  gland, 
the  submaxillary  ganglion  placed  above  it  in  connection  with  the  gustatory  nerve  ;  6,  the 
chorda  tympani  ;  7,  the  facial  nerve  issuing  from  the  stylo-mastoid  foramen. 

fibres  diverge  a  little,  become  reticulated,  and  enter  the  Gasserian  ganglion. 
The  smaller  root  passes  inside  and  beneath  the  ganglion,  without  its  nerve- 
fibres  being  incorporated  iu  any  way  with  it,  and  joins  outside  the  skull  the 
lowest  of  the  three  trunks  which  issue  from  the  ganglion. 

The  ganglion  of  the  fifth  nerve,  or  Gasserian  ganglion  (ganglion  semilunare), 
occupies  a  depression  on  the  upper  part  of  the  petrous  portion  of  the 
temporal  bone,  near  the  point,  and  is  tomewhat  crescentic  in  form,  the 
convexity  being  turned  forwards.  On  its  inner  side  the  ganglion  is  joined 
by  filaments  from  the  carotid  plexus  of  the  sympathetic  nerve,  and,  accord- 
ing to  some  anatomists,  it  furnishes  from  its  back  part  filaments  to  the 
dura  mater. 

From  the  fore  part,  or  convex  border  of  the  Gasserian  ganglion,  proceed 
the  three  large  divisions  of  the  nerve.  The  highest  (first  or  ophthalmic  trunk) 
enters  the  orbit ;  the  second,  the  upper  maxillary  nerve,  is  continued  forwards 
to  the  face,  below  the  orbit ;  and  the  third,  the  lower  maxillary  nerve,  is 
distributed  chiefly  to  the  external  ear,  the  tongue,  the  lower  teeth,  and  the 
muscles  of  mastication.     The  first  two  trunks  proceed  exclusively  from  the 


Fig.  404. 
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ganglion  and  are  entirely  sensory,  while  the  third  or  inferior  maxillary  trunk 
receiving  a  considerable  part  from  the  ganglion,  has  associated  with  it  also 
the  whole  of  the  fibres  of  the  motor  root,  and  thus  distributes  both  motor 
and  sensory  branches. 


OPHTHALMIC  NERVE. 

The  ophthalmic  nerve,  or  first  division  of  the  fifth  nerve,  the  smallest  of 
the  three  offsets  from  the  Gasserian  ganglion,  is  somewhat  flattened,  about  an 
inch  in  length,  and  is  directed  forwards  and  upwards  to  the  sphenoidal 
fissure,  where  it  ends  in  branches  which  pass  through  the  orbit  to  the  sur- 
face of  the  head  and  to  the  nasal  fossae.  In  the  skull  it  is  contained  in  the 
process  of  the  dura  mater  bounding  externally  the  cavernous  sinus,  and  is 
jomed  by  filaments  from  the  cavernous  plexus  of  the  sympathetic  :  according 
to  Arnold,  it  gives  recurrent  branches  to  the  tentorium  cerebelli.  It  also 
frequently  communicates  by  a  considerable  branch  with  the  fourth  nerve 

Near  the  orbit  the  ophthalmic  nerve  furnishes  from  its  inner  side  the 
nasal  branch,  and  then  divides  into  the  frontal  and  lachrymal  branches 
Inese  branches  are  transmitted  separately  through  the  sphenoidal  fissure  and 
are  continued  through  the  orbit  (after  supplying  some  filaments  to  the  eve 
and  the  lachrymal  gland)  to  their  final  distribution  in  the  nose,  the  eyelids 
and  the  muscles  and  integument  of  the  forehead.  ' 


^ LACHRYMAL  BRANCH. 

The  lachrymal  branch  is  external  to  the  frontal  at  its  origin,  and  is  con- 
tained in  a  separate  tube  of  dura  mater.     In  the  orbit  it  pisses  alonVthe 
outer  par  ,  above  the  muscles,  to  the  outer  and  upper  ang  e  o "the  cavity 
Near  he  lachrymal  gland,  the  nerve  has  a  connecting  filament  with  the  orbSi 
Wh  of  the  superior  maxillary  nerve  ;  and  when  in  close  apporition  the 

the  tt  ^ 1Uany  kmentS  t0  that  b°dy  aDd  to  the  ™»Activa.  Finally 
the  kchrymal  nerve  penetrates  the  palpebral  ligament  externally,  and  ends 

from  both  these  nerves ^L^i^S  'T'™?  .^'^  to  be  de™* 

nerve.    ,  A  De_n  Ztt^tAtSfc  tt  1£g* 

FRONTAL  BRANCH. 

piel^  like  the 

elevator  of  the  upper  eyelid  and Uh^^^ll"^  the 
in  the  orbit,  the  nerve  divides  into  tl?t  ?  Ab°Ut  mid™7  forwards 
orbital.  d68  mt°  tW°  branches>  s«pra-trochlear  and  supra- 

a.  The  supra-trochlear  branch  (internal  ftwl'tt  : 
angle  of  the  orbit,  close  to  the  po  nt  at *S£ZS }  ^olon^d  to  the  inner 
muscle  is  fixed  to  the  orbit.  He  fit  til  1  P^*y  °f  the  UPPer  obli<l™ 
it  with  the  infra-trochlear  branch  of  the '  f"™^8  a  *****  to  connect 
cavity  between  the  orbicular  muscle  of  the  lidTa nH^K  ^  T***  fr°m  the 
filaments  are  distributed  to  the  upper  evelid     ti  In  thia  Potion 

yelld>     The  nerve  next  pierces  the 
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orbicularis  palpebrarum  and  occipito-frontalis  muscles,  furnishing  twigs  to 
these  muscles  and  the  corrugator  supercilii,  and,  after  ascending  on  the  fore- 
head, ramifies  in  the  integument. 

b.  The  supra- orbital  branch  (external  frontal)  passes  through  the  supra- 
orbital notch  to  the  forehead,  and  ends  in  muscular,  cutaneous,  and  peri- 
cranial branches  ;  while  in  the  notch  it  distributes  palpebral  filaments  to  the 
upper  eyelid. 

The  muscular  branches  referred  to  are  comparatively  small,  and  supply  the  corrugator 
of  the  eyebrow,  the  occipito-frontalis,  and  the  orbicular  muscle  of  the  eyelids,  joining 
the  facial  nerve  in  the  last  muscle.  The  cutaneous  branches,  among  which  two  (outer 
and  inner)  may  be  noticed  as  the  principal,  are  placed  at  first  beneath  the  occipito- 
frontalis.  The  outer  one,  the  larger,  perforates  the  tendinous  expansion  of  the  muscle, 
and  ramifies  in  the  scalp  as  far  back  as  the  lambdoidal  suture.  The  inner  branch 
reaches  the  surface  sooner  than  the  preceding  nerve,  and  ends  in  the  integument  over 
the  parietal  bone.  The  pericranial  branches  arise  from  the  cutaneous  nerve  beneath 
the  muscle,  and  end  in  the  pericranium  covering  the  frontal  and  parietal  bones. 

Fig.  405.  Fig.  405. — Nerves  op  the  Or- 

bit from  the  Outer  Side 
(from  Sappey  after  Hirschfeld 
and  Leveille).  J 


The  external  rectus  muscle  has 
been  divided  and  turned  down  :  1, 
the  optic  nerve  ;  2,  the  trunk  of  the 
third  nerve  ;  3,  its  upper  division 
passing  into  the  levator  palpebras 
aud  superior  rectus;  4,  its  long 
lower  branch  to  the  inferior  oblique 
muscle  ;  5,  the  sixth  or  abducent 
nerve  joined  by  twigs  from  the 
sympathetic ;  6,  the  Gasserian 
ganglion  ;  7,  ophthalmic  nerve  ;  8, 
its  nasal  branch  ;  9,  the  ophthal- 
mic ganglion ;  10,  its  short  or 
motor  root;  11,  long  sensory  root  from  the  nasal  nerve  ;  12,  sympathetic  twig  from 
the  carotid  plexus  ;  13,  ciliary  nerves  passing  into  the  eyeball;  14,  frontal  branch  of  the 
ophthalmic  nerve. 

NASAL  BRANCH. 

The  nasal  branch  (oculo-nasalis),  separating  from  its  parent  trunk  in  the 
wall  of  the  cavernous  sinus,  enters  the  orbit  between  the  heads  of  the  outer 
rectus.  It  then  inclines  inwards  over  the  optic  nerve,  beneath  the  elevator 
of  the  upper  eyelid  arid  the  superior  rectus  muscle,  to  the  inner  wall  of  the 
orbit,  through  which  it  passes  by  the  anterior  internal  orbital  foramen.  In 
this  oblique  course  across  the  orbit  it  furnishes  a  single  filament  to  the 
ophthalmic  ganglion',  two  or  tliree  (long  ciliary)  directly  to  the  eyeball ;  aud, 
at  the  inner  side  of  the  cavity,  a  considerable  branch  (infra- trochlear),  which 
issues  from  the  orbit  at  the  fore  part. 

On  leaving  the  orbit  the  nasal  nerve  is  directed  transversely  inwards  to 
the  upper  surface  of  the  cribriform  plate  of  the  ethmoid  bone,  and  passing 
forwards  in  a  groove  at  its  outer  edge,  within  the  cranium,  descends  by  a 
special  aperture  close  to  the  crista  galli  at  the  fore  part  of  the  plate  to  the 
roof  of  the  nasal  fossa,  where  it  divides  into  two  branches,  one  of  which 
(external  or  superficial  nasal)  reaches  the  integument  of  the  side  of  the  nose, 
and  tho  other  (ramus  septi)  ramifies  in  the  pituitary  membrane. 
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a.  The  branch  to  the  ophthalmic  ganglion  (radix  longa  ganglii  ciliaris),  very  slender 
and  about  half  an  inch  long,  arises  generally  between  the  heads  of  the  external 
rectus :  it  lies  on  the  outer  side  of  the  optic  nerve,  and  enters  the  upper  and  back 
part  of  the  ophthalmic  ganglion,  constituting  its  long  root. 

This  small  branch  is  sometimes  joined  by  a  filament  from  the  cavernous  plexus  of 
the  sympathetic,  or  from  the  upper  branch  of  the  third  nerve. 

b.  The  long  ciliary  nerves,  two  or  three  in  number,  are  situated  on  the  inner  side  of 
the  optic  nerve;  they  join  one  or  more  of  the  nerves  from  the  ophthalmic  ganglion 
(short  ciliary)  and  after  perforating  the  sclerotic  coat  of  the  eye,  are  continued 
between  it  and  the  choroid  to  the  ciliary  muscle,  the  cornea,  and  the  iris 

c.  The  infra-trochlear  branch  runs  forwards  along  the  inner  side  of  the  orbit  below 
the  superior  oblique  muscle,  and  receives  near  the  pulley  of  that  muscle  a  filament  of 

nulW  o?,  8Taf  °,Chlear  DerVe-    The  bra"ch  is  then  ^tinned  below  the 

pulley  to  the  inner  angle  of  the  eye,  and  ends  in  filaments  which  supply  the  orbicular 

S^tiiS »  laCh^mal  8aC<  -  ^  "  thVintegu0^ 

brandies6:^'7  *  ^  ™"  ^  ^  nem  Gnds  *  iMd[^  into  «"  following 

d.  The ■.  branch  to  the  nasal  septum  extends  to  the  lower  part  of  the  partition 
between  the  nasal  fossa,  supplying  the  pituitary  membrane  J^t^£$Z 

^»%STrficia!?ranch  (externus  se«  lateralis),  descends  in  a  groove  on  the  inner 
SS^^SSJTk"^  afteVeavi^  the  —  c-ity  betwfen  that  bone  and 

snrr  ^r^jr-* part 

nerve.  g"  '  cutaneous  ^  «  Joined  by  a  filament  of  the  facial 

OPHTHALMIC  GANGLION. 

^^^[^^^l^l^  of  the  fifth 
second,  and  the  otic  and  ^Meckel's  ganglion  with  the 

ganglia,  besides  receivinTbitrs  S  1^  third'  Th™ 

each  connected  with  a  motor  r.™  f  ^  S?DS°ry  part  °f  tbe  fiffcb>  ^re 
and  with  twigs  froJ  the  ^^ILtic"  and  X*  *"  "  ^ 

ganglia  are  named  their  roots  '  ne"e3  thus  Joining  the 

The  ophthalmic  or  lenticular  mmoVrm 
as  a  centre  for  the  supply    "ner e ,    „S*  SemiIunare'  vel  c^re)  ser.es 
the  eyeball.    It  ia  a  ^  ^Vodv     i  TT7'  ^  sW>thetie_to 
between  the  enter  rectus  muse  e  and  th L        ^  **  ^  ba°k  °f  the  orbit, 
with  the  ophthalmic  artery  .  i  isToined  b  1  °  Tl**?*  iu  COntac* 

the  third,  and  the  sympathetic  ZT  S  from  the  fifth, 

ciliary  nerves  to  the  eyeball  '  °m  lts  fore  Part  proceed  the 

Union  of  the  ganglion  with  nerves  :  its  roots  Ti 
ganglion  receives  three  nerves      Oiip  «VT  Posterior  border  of  the 

filament  from  the  nasal  branch  of  the  «m  «?'  r°°*>  a  slendt>r 

part  of  this  border.    Another  bran  h  the    5  T  j°inS  the  ^ 

sorter  than  the  preceding,  and  some^  SSLS^S^A 
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from  the  branch  of  the  third  nerve  to  the  inferior  oblique  muscle,  arid  is 
connected  with  the  lower  part  of  the  ganglion.  The  third  root  is  a  very 
small  nerve  which  emanates  from  the  cavernous  plexus  of  the  sympathetic, 
and  reaches  the  ganglion  with  the  long  upper  root  :  these  two  nerves  are 
sometimes  conjoined  before  reaching  the  ganglion.  Other  roots  have  been 
assigned  to  the  ganglion.    (Valentin,  in  Muller's  Archiv.  for  1840.) 

Branches  of  the  ganglion. — From  the  fore  part  of  the  ganglion  arise  ten 
or  twelve  delicate  filaments — the  short  ciliary  nerves.  These  nerves  are 
disposed  in  two  fasciculi,  arising  from  the  upper  and  lower  angles  of  the 
ganglion,  and  they  run  forwards,  one  set  above,  the  other  below  the  optic 
nerve,  the  latter  being  the  more  numerous.  They  are  accompanied  by  fila- 
ments from  the  nasal  nerve  (long  ciliary),  with  which  some  are  joined.  Having 
entered  the  eyeball  by  apertures  in  the  back  part  of  the  sclerotic  coat,  the 
nerves  are  lodged  in  grooves  on  its  inner  surface  ;  and  at  the  ciliary  muscle, 
which  they  pierce  (some  filaments  supplying  it  and  the  cornea),  they  turn 
inwards  and  ramify  in  the  iris. 


SUPERIOR  MAXILLARY  NERVE. 

The  superior  maxillary  nerve,  or  second  division  of  the  fifth  cranial  nerve, 
is  intermediate  in  size  between  the  ophthalmic  and  the  inferior  maxillary 
trunks. 

It  commences  at  the  middle  of  the  Gasserian  ganglion,  and,  passing  hori- 
zontally forwards,  soon  leaves  the  skull  by  the  foramen  rotundum  of  the 
sphenoid  bone.  The  nerve  then  crosses  the  spheno-maxillary  fossa,  and 
enters  the  infra-orbital  canal  of  the  upper  maxilla,  by  which  it  is  conducted 
to  the  face.  After  emerging  from  the  infra-orbital  foramen,  it  terminates 
beneath  the  elevator  of  the  upper  lip  in  branches  which  spread  out  to  the 
side  of  the  nose,  the  eyelid,  and  the  upper  lip. 

Branches. — In  the  spheno-maxillary  fossa  a  temporo-malar  branch 
ascends  from  the  superior  maxillary  nerve  to  the  orbit,  and  two  spheno- 
palatine branches  descend  to  join  Meckel's  ganglion.  Whilst  the  nerve  is 
in  contact  with  the  upper  maxilla,  it  furnishes  two  posterior  dental  branches 
on  the  tuberosity  of  the  bone,  and  an  anterior  dental  branch  at  the  fore  part. 
On  the  face  are  the  terminal  branches  already  indicated. 

ORBITAL  BRANCH. 

The  orbital  or  temporo-malar  branch,  a  small  cutaneous  nerve,  enters  the 
orbit  by  the  spheno-maxillary  fissure,  and  divides  into  two  branches 
(temporal  and  malar),  which  pierce  the  malar  bone,  and  are  distributed  to 
the  temple  and  the  prominent  part  of  the  cheek. 

a.  The  temporal  branch  is  contained  in  an  osseous  groove  or  canal  in  the 
outer  wall  of  the  orbit,  and  leaves  this  cavity  by  a  foramen  in  the  malar 
bone.  "When  about  to  traverse  the  bone,  it  is  joined  by  a  communicating 
filament  (in  some  cases,  two  filaments)  from  the  lachrymal  nerve.  The 
nerve  is  then  inclined  upwards  in  the  temporal  fossa  between  the  bone  and 
the  temporal  muscle,  perforates  the  aponeurosis  over  the  muscle  an  inch 
above  the  zygoma,  and  ends  in  cutaneous  filaments  over  the  temple.  The 
cutaneous  ramifications  are  united  with  the  facial  nerve,  and  sometimes 
with  the  superficial  temporal  nerve  of  the  third  division  of  the  fifth. 

b.  The  malar  branch  lies  at  first  in  the  loose  fat  in  the  lower  angle  of  the 
orbit,  and  is  continued  to  the  face  through  a  foramen  in  the  fore  part  of 
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the  malar  bone,  where  it  is  frequently  divided  into  two  filaments.  In  the 
promiuent  part  of  the  cheek  this  nerve  communicates  with  the  facial  nerve. 

Fig.  406. 


Fig.  406.— Superior  Maxillary  Nerve  and  some  op  toe  Orbital  Nerves  (from 

Sappey  after  Hirschfeld  and  LeveiHe").  g. 
1,  the  Gasserian  ganglion  ;  2,  lachrymal  branch  of  the  ophthalmic  nerve  ;  3,  trunk  of  the 
superior  maxillary  nerve  ;  4,  its  orbital  branch,  joining  at  5,  the  palpebral  twig  of  the 
Uchrymal ;  6,  origin  of  its  malar  twig  ;  7,  its  temporal  twig  ;  8,  sphenopalatine  ganglion  : 
9,  Vidian  nerve  ;  10,  its  upper  branch  or  great  superficial  petrosal  nerve  proceeding  to  join 
the  facial  nerve  (11)  ;  12,  union  of  the  lower  branch  of  the  Vidian  nerve  with  the  carotid 
branch  of  the  sympathetic  ;  13,  14,  posterior  dental  nerves  ;  15,  terminal  branches  of  the 
infraorbital  nerves  ramifying  on  the  side  of  the  nose  and  upper  lip  ;  16,  a  branch  of  the 
facial  uniting  with  some  of  the  twigs  of  the  infraorbital. 

POSTERIOR  DENTAL  BRANCHES. 

The  posterior  dental  branches,  two  in  number,  are  directed  downwards 
and  outwards  over  the  back  part  and  tuberosity  of  the  maxillary  bone 
+  Sf*^  branches  enters  a  can*l  ^  the  bone  by  which  it  is  conducted 
to  the  teeth,  and  gives  forwards  a  communicating  filament  to  the  anterior 
dental  nerve.  It  ends  in  filaments  to  the  molar  teeth  and  the  lining  mem- 
brane of  the  maxillary  sinus,  and  near  the  teeth  joins  a  second  time  with 
the  anterior  dental  nerve. 

The  Mfcrfar  of  the  two  branches,  lying  on  the  surface  of  the  bone,  is 
distributed  to  the  gums  of  the  upper  jaw  and  to  the  buccinator  muscle. 

ANTERIOR  DENTAL  BRANCH. 

lower  spongy  bone.  AlsSv  t he  root  of  ITo    •  ^Jfr,  C°VCriag  the 

the  posterior  nasal  nerve  from lie ^  keVs /anH  '  r'^r00^' ^ ^  te3  ***  *  branCh  °f 

urn  mecKei  s  ganglion,  and  forms  with  it  a  small  thickening, 

II  K 
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the  ganglion  of  Bochdalek,  from  which  branches  are  described  as  descending  to  the 
alveolar  process  and  gums  of  the  incisor  and  canine  teeth.    (See  Hyrtl's  Lehrbuch 
p.  804.)  ' 

(b)  The  otiter  branch  gives  filaments  to  the  bicuspid  toeth,  and  is  connected  with 
the  posterior  dental  nerve. 


INFRAORBITAL  BRANCHES. 

The  infraorbital  branches,  large  and  numerous,  spring  from  the  end  of 
the  superior  maxillary  nerve  beneath  the  elevator  muscle  of  the  upper  lip, 
and  are  divisible  into  palpebral,  nasal,  and  labial  sets. 

Fig.  407. 


Fig.  407. — Deep  View  of  the  Spheno-Palatine  Ganglion,  and  its  Connections  with 
other  Nerves,  &c.  (from  Sappey  after  Hirschfeld  and  LeveiHe").  § 

1,  superior  maxillary  nerve  ;  2,  posterior  superior  dental ;  3,  second  posterior  dental 
branch  ;  4,  anterior  dental ;  5,  union  of  these  nerves  ;  6,  spheno-palatine  ganglion  ;  7, 
Vidian  nerve  ;  8,  its  great  superficial  petrosal  branch  ;  9,  its  carotid  branch  ;  10,  a  part 
of  the  sixth  nerve,  receiving  twigs  from  the  carotid  plexus  of  the  sympathetic  ;  11,  superior 
cervical  sympathetic  ganglion  ;  12,  its  carotid  branch  ;  13,  trunk  of  the  facial  nerve  near 
the  knee  or  bend  at  the  hiatus  Fallopii  ;  14,  glosso-pharyngeal  nerve  ;  15,  anastomosing 
branch  of  Jacobson  ;  16,  twig  uniting  it  to  the  sympathetic;  17,  filament  to  the  fenestra 
rotunda;  18,  filament  to  the  Eustachian  tube  ;  19,  filament  to  the  fenestra  ovalis  ;  20, 
external  deep  petrosal  nerve  uniting  with  the  lesser  superficial  petrosal  ;  21,  internal  deep 
petrosal  twig  uniting  with  the  great  superficial  petrosal. 

a.  The  palpebral  branch  (there  are  sometimes  two  branches)  turns  upwards  to  the 
lower  eyelid  in  a  groove  or  canal  of  the  bone,  and  supplies  the  orbicular  muscle ;  it 
ends  in  filaments  which  are  distributed  to  the  eyelid  in  its  entire  breadth.  At  the 
outer  angle  of  the  eyelids  this  nerve  is  connected  with  the  facial  nerve. 

b.  The  nasal  branches,  directed  inwards  to  the  muscles  and  integument  of  the  side 
of  the  nose,  communicate  with  the  cutaneous  branch  of  the  nasal  nerve. 

c.  The  labial,  the  largest  of  the  terminal  branches  of  the  upper  maxillary  nerve, 
and  three  or  four  in  number,  are  continued  downwards  beneath  the  proper  elevator 
of  the  upper  lip.  Ramifying  as  they  descend,  these  nerves  are  distributed  to  the 
integument,  the  mucous  membrane  of  the  mouth,  the  labial  glands,  and  the  muscles 
of  the  upper  lip. 

Near  the  orbit  the  infraorbital  branches  of  the  superior  maxillary  nerve 
are  joined  by  considerable  branches  of  the  facial  nerve,  the  union  between 
the  two  being  named  infraorbital  plexus. 
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SPHENO-PALATINE  GANGLION. 

The  sphenopalatine  ganglion,  frequently  named  Meckel's  ganglion,  is 
deeply  placed  in  the  spheno-niaxillary  fossa,  close  to  the  spheno-palatine 
foramen.  It  receives  the  two  spheno-palatine  branches,  which  descend 
together  from  the  superior  maxillary  nerve  as  it  crosses  the  top  of  the  fossa. 
It  is  of  a  greyish  colour,  triangular  in  form,  and  convex  on  the  outer 
surface.  The  grey  or  ganglionic  substance  does  not  involve  all  the  fibres 
of  the  spheno-palatine  branches  of  the  upper  maxillary  nerve,  but  is  placed 
at  the  back  part,  at  the  point  of  junction  of  the  sympathetic  or  deep 
branch  of  the  Vidian,  so  that  the  spheno-palatine  nerves  proceeding  to  the 
nose  and  palate  pass  to  their  destination  without  being  incorporated  with 
the  ganglionic  mass. 

Branches  proceed  from  the  ganglion  upwards  to  the  orbit,  downwards  to 
the  palate,  inwards  to  the  nose,  and  backwards  through  the  Vidian  and 
pterygo-palatine  canals. 

Ascending  Branches. — There  are  three  or  more  very  small  twigs, 
which  reach  the  orbit  by  the  spheno-maxillary  fissure,  and  are  distributed  to 
the  periosteum. 

Bock  describes  a  branch  ascending  from  the  ganglion  to  the  sixth  nerve ;  Tiede- 
mann,  one  to  the  lower  angle  of  the  ophthalmic  ganglion.  The  filaments  described 
by  Hirzel  as  ascending  to  the  optic  nerve,  most  probably  join  the  ciliary  twigs  which 
surround  that  nerve. 

Descending  Branches. — These  are  three  in  number, — the  large,  the 
small,  and  the  external  palatine  nerves,  and  are  continued  chiefly  from 
the  spheno-palatine  branches  of  the  superior  maxillary.  They  are  distri- 
buted to  the  tonsil,  the  hard  and  soft  palate,  the  gums,  and  the  mucous 
membrane  of  the  nose. 

a.  The  larger  or  anterior  palatine  nerve,  descends  in  the  palato-maxillary  canal, 
and  divides  in  the  roof  of  the  mouth  into  branches,  which  are  received  into  grooves 
in  the  hard  palate,  and  extend  forwards  nearly  to  the  incisor  teeth.  In  the  mouth  it 
supplies  the  gums,  the  glandular  structure  and  the  mucous  membrane  of  the  hard 
palate,  and  joins  in  front  with  the  naso-palatine  nerve.  When  entering  its  canal 
this  palatine  nerve  gives  a  nasal  branch  which  ramifies  on  the  middle  and  lower 
spongy  bones;  and  a  little  before  leaving  the  canal,  another  branch  is  supplied  to 
the  membrane  covering  the  lower  spongy  bone :  these  are  inferior  nasal  brandies. 
Opposite  the  lower  spongy  bone  springs  a  small  branch,  which  is  continued  to  the 
soft  palate  in  a  separate  canal  behind  the  trunk  of  the  nerve. 

6.  The  smaller  or  posterior  palatine  branch,  arising  near  the  preceding  nerve 
enters  with  a  small  artery  the  lesser  palatine  canal,  and  is  conducted  to  the  soft 
palfti'muscle  ^  UVUh*    AccordinS  to  Meckel,  it  supplies  the  levator 

c.  The  external  palatine  nerve,  the  smallest  of  the  series,  courses  between  the 
upper  maxilla  and  the  external  pterygoid  muscle,  and  enters  the  externTpabt  ne 

ts  ITkoZVZ:  c^nal  ^  b°ne       ,the  Pteryg°id  pr0C6SS  °f  the  Palate  bona  At 

to  the  tons"  and  nZi     IT*  -^u^  i  t0  the  UVula'  and  outwards  «">ther 

to  the  tonsil  and  palate.    Occasionally,  this  nerve  is  altogether  wanting. 

j™1  Branches.  —These  consist  of  the  naso-palatine,  and  the 
upper  and  anterior  nasal,  which  ramify  in  the  lining  membrane  of  the 
nasal  fossae  and  adjoining  sinuses.  01  tne 

posterior  part  of  the  .ep.nn,,  .nd       „».iX  in  IT  membrane  covering 

R  r.  2 
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the  upper  two  spongy  bones,  and  in  that  lining  the  posterior  ethmoid  cells  A 
branch  as  has  been  already  stated,  forms  a  connection  in  the  wall  of  the  maxillary 
sinus,  above  the  eye  tooth,  with  the  anterior  dental  nerve 

_  The  naso-palcdme  nerve,  nerve  of  Cotunnius  (Scarpa),  long  and  slender,  leaves  the 
inner  side  of  the  ganglion  with  the  preceding  branches,  and  after  crossing  the  roof  of 
the  nasal  fossa  is  directed  downwards  and  forwards  on  the  septum  nasi,  towards  the 
anterior  palatine  canal,  situated  between  the  periosteum  and  the  pituitary  membrane. 
1  he  nerves  of  opposite  sides  descend  to  the  palate  through  the  mesial  subdivisions  of  the 
canal,  called  the  foramina  of  Scarpa,  the  nerve  of  the  right  side  usually  behind 
that  oi  the  left.  In  the  lower  common  foramen  the  two  naso-palatine  nerves  are 
connected  with  each  other;  and  they  end  in  several  filaments,  which  are  distributed 
to  the  papilla  behind  the  incisor  teeth,  and  communicate  with  the  great  palatine 
nerve.  In  its  course  along  the  septum,  small  filaments  are  furnished  from  the  naso- 
palatine nerve  to  the  pituitary  membrane.  (See  Pig.  402.  This  nerve  was  discovered 
independently  by  John  Hunter  and  Cotunnius;  see  Hunter's  "Observations  on 
certain  parts  of  the  Animal  Economy;"  and  Scarpa,  " Annotationes  Anatomicee," 
Jib.  n.) 


Fig.  408. 


Fig.  408. — Nerves  op  ti i  i:  Nose  and  op  the  Spheno-Palatine  Ganglion  from  the 
Inner  Side  (from  Sappey  after  Hirschfeld  and  Leveille).  g 

1,  network  of  the  branches  of  the  olfactory  nerve  descending  upon  the  membrane 
covering  the  superior  and  middle  turbinated  bones  ;  2,  external  twig  of  the  ethmoidal  branch 
of  the  nasal  nerve ;  3,  spheno-palatine  ganglion;  4,  ramification  of  the  anterior  division 
of  the  palatine  nerves  :  5,  posterior,  and  6,  middle  divisions  of  the  palatine  nerves  ;  7, 
branch  to  the  membrane  on  the  lower  turbinated  bone;  8,  branch  to  the  superior  and 
middle  turbinated  bones ;  9,  naso-palatine  branch  to  the  septum  cut  short;  10,  Vidian 
nerve  ;  11,  its  great  superficial  petrosal  branch  ;  12,  its  carotid  branch;  13,  the  sympa- 
thetic nerves  ascending  on  the  internal  carotid  artery. 

Posterior  Braitches. — The  branches  directed  backwards  from  the  spheno- 
palatine ganglion  are  the  Vidian  and  pharyngeal  nerves. 

The  Vidian  nerve  arises  from  the  back  part  of  the  ganglion,  which  seems  to  be  pro- 
longed into  it,  passes  backwards  through  the  Vidian  canal,  and  after  emerging  from 
this  divides  in  the  substance  of  the  fibrocartilagc  filling  the  foramen  lacerum 
medium,  into  two  branches :  one  of  these,  the  superficial  petrosal,  joins  the  facial 
nerve,  while  the  other,  the  carotid  branch,  communicates  with  the  sympathetic. 
Whilst  the  Vidian  nerve  is  in  its  canal,  it  gives  inwards  some  small  nasal  branches, 
which  supply  the  membrane  of  the  back  part  of  the  roof  of  the  nose  and  septum,  as 
well  as  the  membrane  covering  the  end  of  the  Eustachian  tube. 
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The  large  superficial  petrosal  branch  of  the  Vidian  nerve,  entering  the  cranium  on  the 
outer  side  of  the  carotid  artery  and  beneath  the  Gasserian  ganglion,  is  directed  back- 
wards in  a  groove  on  the  petrous  portion  of  the  temporal  bone  to  the  hiatus  Fallopii, 
and  is  thus  conducted  to  the  aqueductus  Fallopii,  where  it  joins  the  gangliform 
enlargement  of  the  facial  nerve. 

The  carotid  or  sympathetic  portion  of  the  Vidian  nerve,  shorter  than  the  other  is 
of  a  reddish  colour  and  softer  texture :  it  is  directed  backwards,  and  on  the  outer 
side  of  the  carotid  artery  ends  in  the  filaments  of  the  sympathetic  surrounding 
that  vessel. 

In  accordance  with  the  view  taken  of  the  ganglia  connected  with  the  fifth  nerve 
(p.  599),  the  superficial  petrosal  and  carotid  parts  of  the  Vidian  nerve  may  be  regarded 
as  the  motor  and  sympathetic  roots  respectively  of  the  spheno-palatine  ganglion  ■ 
the  spheno-palatine  being  its  sensory  root.  ' 

The  pharyngeal  nerve  is  inconsiderable  in  size,  and  instead  of  emanating  directly 
from  the  ganglion,  is  frequently  derived  altogether  from  the  Vidian.  This  branch  when 
a  separate  nerve,  springs  from  the  back  of  the  ganglion,  enters  the  pterygopalatine 
canal  with  an  artery,  and  is  lost  in  the  lining  membrane  of  the  pharynx  behind  the 
Eustachian  tube. 

Summary. — The  superior  maxillary  nerve,  with  Meckel's  ganglion,  supplies 
the  integument  above  the  zygomatic  arch,  and  that  of  the  lower  eyelid  the 
side  of  the  nose,  and  the  upper  lip  ;  the  upper  teeth,  the  lining  mem- 
brane of  the  nose  ;  the  membrane  of  the  upper  part  of  the  pharynx  of  the 
antrum  of  Highmore,  and  of  the  posterior  ethmoid  cells  ;  the  soft  'palate 
tonsil,  and  uvula  ;  and  the  glandular  and  mucous  structures  of  the  roof  o'f 
the  mouth. 


INFERIOR  MAXILLARY  NERVE. 

The  lower  maxillary  nerve,  the  third  and  largest  division  of  the  fifth 
nerve,  is  made  up  of  two  portions,  unequal  in  size,  the  larger  bein<*  de- 
rived from  the  Gasserian  ganglion,  and  the  smaller  being  the  slender 
motor  root  of  the  fifth  nerve.  These  two  parts  leave  the  skull  by  the 
foramen  ovale  in  the  sphenoid  bone,  and  unite  immediately  after  their 
exit.  A  few  lines  beneath  the  base  of  the  skull,  and  under  cover  of 
the  external  pterygoid  muscle,  the  nerve  separates  into  two  primary 
divisions,  one  of  which  is  higher  in  position  and  smaller  than  the  other 

The  small  anterior  or  upper  portion,  purely  motor,  terminates  in 
branches  to  the  temporal  masseter,  buccinator,  and  pterygoid  muscles.  The 
larger  ox  lo wer  portion,  chiefly  sensory,  divides  into  the  auriculotemporal 
gustatory,  and  inferior  dental  branches  :  it  likewise  supplies  the  mylohyoid 
musc  e,  and  the  anterior  belly  of  the  digastric.  The  branch  to  the  in- 
ternal pterygoid  muscle,  with  which  also  are  connected  those  proceeding 
from  the  otic  ganglion  to  the  tensors  of  the  palate  and  tymplnum  ^ 
sometimes  counted  as  a  part  of  the  larger  division,  but  is  more  co^'ctlv 
regarded  as  arising  from  the  undivided  trunk.  correctly 

DEEP  TEMPORAL,  MASSETERIC,  BUCCAL,  AND  PTERYGOID  BRANCHES 
upwards,  one  near  the  front    nnrl  i-u  ,      ,         ue»  and  ruu 

lhe  masseteric  branch   lilfpwi'no  ~„  i 

likewise  passes  above  the   external  pterygoid 
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muscle,  and  is  directed  nearly  horizontally  outwards  through  the  sigmoid 
notch  of  the  lower  jaw  to  the  posterior  border  of  the  masseteric  muscle, 
which  it  enters  on  the  deep  surface.  It  gives  a  filament  or  two  to  the 
articulation  of  the  jaw,  and  occasionally  furnishes  a  branch  to  the  tem- 
poral muscle. 

The  buccal  branch  pierces  the  substance  of  the  external  pterygoid  muscle, 
and  courses  downwards  and  forwards  to  the  face,  in  close  contact  with  the 
deep  surface  of  the  temporal  muscle  at  its  insertion.  It  furnishes  a  branch 
to  the  external  pterygoid  muscle  as  it  pierces  it,  and  on  emerging  gives 
two  or  three  ascending  branches  to  the  temporal  muscle.  It  divides  into 
two  principal  branches,  an  upper  and  a  lower,  which  communicate  with 
the  facial  nerve  in  a  plexus  round  the  facial  vein,  and  are  distributed  to 
the  integument,  the  buccinator  muscle,  and  the  mucous  membrane. 

The  external  pterygoid  branch  is  most  frequently  derived  from  the  buccal 
nerve.  It  is  sometimes  a  separate  offset  from  the  smaller  portion  of  the 
lower  maxillary  nerve. 

The  nerve  of  the  internal  pterygoid  muscle  is  closely  connected  at  its 
origin  with  the  otic  ganglion,  and  enters  the  inner  or  deep  surface  of  the 
muscle. 


AURICTTLO-TEMPORAL  NERVE. 

The  auriculo-temporal  nerve  takes  its  origin  close  to  the  foramen  ovale.  It 
often  commences  by  two  roots,  between  which  may  be  placed  the  middle 
meningeal  artery.  It  is  directed  at  first  backwards,  beneath  the  external 
pterygoid  muscle,  to  the  inner  side  of  the  articulation  of  the  jaw  ;  then 
changing  its  course,  it  turns  upwards  between  the  ear  and  the  joint,  covered 
by  the  parotid  gland  ;  and  emerging  from  this  place,  it  finally  divides  into 
two  temporal  branches  which  ascend  towards  the  top  of  the  head. 

(a)  Communicating  branches. — There  are  commonly  two  branches,  which  pass 
forward  round  the  external  carotid  artery,  and  join  the  facial  nerve.  Filaments  to 
the  otic  ganglion  arise  near  the  beginning  of  the  nerve. 

(b)  Parotid  branches  are  given  from  the  nerve  while  it  is  covered  by  the  gland. 

(c)  Auricular  branches. — These  are  two  in  number.  The  lower  of  the  two,  arising 
behind  the  articulation  of  the  jaw,  distributes  branches  to  the  ear  below  the  external 
meatus ;  and  sends  other  filaments  round  the  internal  maxillary  artery  to  join  the 
sympathetic  nerve :  the  upper  branch,  leaving  the  nerve  in  front  of  the  ear,  is  dis- 
tributed in  the  integument  covering  the  tragus  and  the  pinna  above  the  external 
auditory  meatus.    Both  are  confined  to  the  outer  surface  of  the  ear. 

(d)  Branches  to  the  meatus  auditorius. — These,  two  in  number,  spring  from  the 
point  of  connection  of  the  facial  and  auriculo-temporal  nerves,  and  enter  the  interior 
of  the  auditory  meatus  between  the  osseous  and  cartilaginous  parts.  One  of  them 
sends  a  branch  to  the  membrana  tympani. 

(e)  Articular  branch.— The  nerve  to  the  temporo-maxillary  articulation  comes 
from  one  of  the  preceding  branches,  or  directly  from  the  auriculo-temporal  nerve. 

if)  Temporal  branches. — One  of  these,  the  smaller  and  posterior  of  the  two, 
distributes  filaments  to  the  anterior  muscle  of  the  auricle,  the  upper  part  of  the 
pinna  and  the  integument  above  it.  The  anterior  temporal  branch  extends  with 
the  superficial  temporal  artery  to  the  top  of  the  head,  and  ends  in  the  integument. 
It  is  often  united  with  the  temporal  branch  of  the  upper  maxillary  nerve.  Meckel 
mentions  a  communication  between  this  branch  and  the  occipital  nerve. 

GUSTATORY  NERVE. 

The  gustatory  nerve,  or  lingual  branch  of  the  fifth,  descends  under 
cover  of  the  external  pterygoid  muscle,  lying  to  the  inner  side  and  in 
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front  of  the  dental  nerve,  and  sometimes  united  to  it  by  a  cord  which 
crosses  over  the  internal  maxillary  artery.  It  is  there  joined  at  an  acute 
angle  by  the  chorda  tympani,  a  small  branch  connected  with  the  facial 
nerve,  which  descends  from  the  inner  end  of  the  Glaserian  fissure.  It 
then  passes  between  the  internal  pterygoid  muscle  and  the  lower  maxilla, 
and  is  inclined  obliquely  inwards  to  the  side  of  the  tongue,  over  the 
upper  constrictor  of  the  pharynx,  (where  this  muscle  is  attached  to  the 
maxillary  bone,)  and  above  the  deep  portion  of  the  submaxillary  gland. 
Lastly,  the  nerve  crosses  Wharton's  duct,  and  is  continued  along  the  side 
of  the  tongue  to  the  apex,  in  contact  with  the  mucous  membrane  of  the 
mouth. 

(a)  Communicating  branches  are  given  to  the  submaxillary  ganglion,  at  the  place 

Fig.  409. 
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Fig.  409.— View  of  the  Branches  op  the  Inferior  Maxillary  Nerve  from  the 
outer  sidb  (from  Sappey  after  Hirschfeld  and  LeveiUe").  $ 

The  zygoma  and  ramus  of  the  jaw  have  been  removed,  and  the  outer  plate  of  the  jaw 
taken  off  so  as  to  open  up  the  dental  canal ;  the  lower  pait  of  the  temporal  muscle  has 
been  dissected  off  the  bone,  and  the  masseter  muscle  turned  down. 

t dlr  T     T    r  n°h'  descendin8  to  the  deep  surface  of  the  muscle  ;  2,  a  twig  to  the 

S,  ^wf!  f '  •  ',  a«Wc1,0r*  and  7'  P°sterior  deeP  teraP°ral  nerves  !  3.  bu<*al  J  *,  ;t« 

I  ♦  1 5  6'  filamenfcs  6iven  by  the  buccal  to  the  external  pterygoid  muscle; 

II  ^Vne/V*  !,  9'  Hs  teraP°ral  branches  !  10'  its  aQterior  auricular  branches  ; 
fnf.1V  IT  7     the1facc,a1'  12'  gustatory  or  lingual  nerve  ;  13,  mylo-hyoid  nerve  ;  14 
inferior  dental  nerve  ;  15,  Us  twigs  supplied  to  the  teeth  ;  16,  n 
of  the  facial  uniting  with  the  mental. 


,  mental  branches;  17,  branch 
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A  m,    7  6  substance  of  the  sublingual  gland 

and div KnS  °r  te™inf.b,railche«  Perforate  the  muscular  structure  of  the  tongue 

and  hypoglossal  nerves  are  united.  e  SU8latory 

INFERIOR  DENTAL  NERVE. 

The  inferior  dental  nerve  is  the  largest  of  the  three  branches  of  the 
lower  maxillary  nerve  It  descends  under  cover  of  the  external  pterygoid 
muscle,  behind  and  to  the  outer  side  of  the  gustatory  nerve,  and  pS 
between  the  ramus  of  he  jaw  and  the  internal  lateral  ligament  of  thf 
temporo-maxillary  articulation,  enters  the  inferior  dental  canal.  In  com- 
pany with  the  dental  artery,  it  proceeds  along  this  canal,  and  supplies 
branches  to  the  eeth.  At  the  mental  foramen  it  bifurcates;  one  part 
the  incisor  branch,  being  continued  onwards  within  the  bone  to  the 
middle  line,  while  the  other,  the  much  larger  labial  branch,  escapes  by 
the  foramen  to  the  face.  r  3 

When  about  to  enter  the  foramen  on  the  inner  surface  of  the  ramus  of 
the  jaw,  the  inferior  dental  nerve  gives  off  the  slender  mylo-hyoid  branch. 

gO  The  mylo-hyoid  branch  is  lodged  in  a  groove  on  the  inner  surface  of  the  ramus 
of  the  maxillary  bone,  in  which  it  is  confined  by  fibrous  membrane,  and  is  distributed 
to  the  lower  or  cutaneous  surface  of  the  mylo-hyoideus  and  to  the  anterior  belly  of 
the  digastric  muscle.  This  nerve  may  be  traced  back  within  the  sheath  of  the  inferior 
dental  to  the  motor  portion  of  the  inferior  maxillary  nerve. 

(b)  The  dental I  branches  supplied  to  the  molar  and  bicuspid  teeth  correspond  to 
the  number  of  the  fangs  of  those  teeth.  Each  branch  enters  the  minute  foramen  in 
the  ex  rem.ty  of  a  fang  and  terminates  in  the  pulp  of  the  tooth.  Not  unfrequently 
a  collateral  branch  supplies  twigs  to  several  teeth. 

(c)  The  incisor  branch  has  the  same  direction  as  the  trunk  of  the  nerve  :  it  extends 
to  the  middle  line  from  the  point  of  origin  of  the  labial  branch,  and  supplies  nerves 
to  the  canine  and  incisor  teeth. 

(d)  The  labial  or  mental  branch  emerging  from  the  bone  by  the  foramen  on  the 
outer  surface,  divides  beneath  the  depressor  of  the  angle  of  the  mouth  into  two 
parts : — 

One  of  these,  the  outer  division,  communicating  with  the  facial  nerve,  supplies  the 
depressor  anguli  oris  and  orbicularis  oris  muscles,  and  the  integument  of  the  chin 

The  inner  portion,  the  larger  of  the  two,  ascends  to  the  lower  lip  beneath  the  de- 
pressor labn  inferioris  muscle,  to  which  it  gives  filaments  :  the  greater  number  of  the 
branches  end  on  the  inner  and  outer  surfaces  of  the  lip.  These  inner  branches  assist 
only  slightly  in  forming  the  plexus  of  union  with  the  facial  nerve. 

OTIC  GANGLION. 

_  The  otic  ganglion,  or  ganglion  of  Arnold,  of  a  reddish  grey  colour,  is 
situated  on  tho  deep  surface  of  the  lower  maxillary  trunk,  nearly  at  the 
point  of  junction  of  the  motor  fasciculus  with  that  nerve,  and  around  the 
origin  of  the  internal  pterygoid  branch.  Its  inner  surface  is  close  to  the 
cartilaginous  part  of  the  Eustachian  tube  and  the  circumflexus  palati 
muscle  ;  and  behind  it  is  the  middle  meningeal  artery. 

Connection  with  nerves— roots.— The  ganglion  is  connected  with  the 
lower  maxillary  nerve,  especially  with  the  branch  furnished  to  the  internal 
pterygoid  muscle,  and  with  the  auriculo-temporal  nerve,  and  thus  obtains 
motor  and  sensory  roots  ;  it  is  brought  into  connection  with  the  sympa- 


OTIC  AND  SUBMAXILLARY  GANGLIA. 


609 


thetic  by  a  filament  from  the  plexus  on  the  middle  meningeal  artery. 
It  likewise  receives  the  small  superficial  petrosal  nerve,  which  emerges 
from  the  petrous  bone  by  the  small  foramen  internal  to  the  canal  of  the 
tensor  tympani  muscle,  and  reaches  the  exterior  of  the  skull  by  piercing 
the  sphenoid  bone  close  to  the  foramen  spinosum.  By  this  nerve  the 
ganglion  forms  a  communication  with  the  glosso-pharyngeal  and  facial 
nerves. 


Fig.  4 10.— Ono  Ganglion  Fig.  410. 

and  its  Connections 
from  the  inside  (from 
Sappey  after  Arnold).  ij 

This  figure  exhibits  a 
view  of  the  lateral  portion 
of  the  skull  with  a  part  of 
the  nasal  fossa  and  lower 
jaw  of  the  right  side  ;  the 
petrous  bone  has  been  re- 
moved so  as  to  show  the 
inner  surface  of  the  mem- 
brana  tympani  and  the 
canal  of  the  facial  nerve. 

1,  smaller  motor  root  of 
the  fifth  nerve  passing 
down  on  the  inside  of  the 
Gasserian  ganglion  to  unite 
with  the  inferior  maxillary 
division ;  2,  inferior  dental 
nerve  entering  the  canal  of 
the  lower  jaw;  3,  mylo- 
hyoid branch,  seen  also 
farther  down  emerging  in 
front  of  the  internal  ptery- 
goid muscle;  4,  lingual  or  gustatory  nerve ;  5,  chorda  tympani;  6,  facial  nerve  in  its 
canal ;  7,  auriculotemporal  nerve,  enclosing  in  its  loop  of  origin  the  middle  meningeal 
artery;  8,  otic  ganglion;  9,  small  superficial  petrosal  nerve  joining  the  ganglion-  10 
branch  to  the  tensor  tympani  muscle  ;  11,  twig  connecting  the  ganglion  with  the  temporo- 
auncular  nerve;  12,  twig  to  the  ganglion  from  the  sympathetic  nerves  on  the  meningeal 
muscle'.  lnt6rnal  Pterye°id  muscle;  14,  branch  to  the  tensor  palati 

Branch—Two  small  nerves  are  distributed  to  muscles-one  to  the 
oTtensor  £l£         M  °f  ^  ^V*™*  the  other  to  *»»  circumflexus 

SUBMAXILLARY  GANGLION. 

Zuf  b  '  1S,  TUQeCted  by  filameuts  With  the  P-tatory  nerve. 

L    it  recei  e  °phthalmic                  ^        "pper  P«t  or 

whils  from  th^ W  /r°m  nCrVeS  Whi0h  may^  regarded  as  its  roots, 

the  SngHon  ^  Pr0Ceed  the  filaments  ^  are  distributed  from 

the^sttt;  ntveTnT?;00-3"-?13  ^  *™ 

rentfy  com  Jf^^  ^i^™'  *  ^  baCk  a  r0ot  which  aPP- 

chorcfa  tympai  rwWc\8L  nroT  "7'  ^  *  £  derh'ed  from 

gustatory  nerve     It 1"  Pronged   downwards  iu  the  sheath  of  the 

o^  the  fLrartery  8  ^  8maU  *Wig8  fr°m  the  ^P^etic  filaments 

Branches-Some  nerves,  five  or  six  in  number,  radiate  to  the  substance 
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of  the  submaxillary  gland.     Others  from  the  fore  pari  of  the  gauglion 
longer  and  larger  than  the  preceding,  end  in  the  mucous  membrane  of  the 
mouth,  and  iu  Wharton's  duct. 

According  to  Meckel  ("De  quinto  pare,"  &c),  a  branch  occasionally  descends  in 
fronts  the  hyo-glossus  muscle,  and  after  joining  with  one  from  the  hypoglossal  nerve 
ends  in  the  genio-hyo-glossus  muscle. 

It  may  be  noticed  that  while  the  branches  from  the  otic  ganglion 
pass  exclusively  to  muscles,  the  submaxillary  ganglion  gives  no  muscular 
offsets. 

Summary.  —  Cutaneous  filaments  of  the  inferior  maxillary  nerve  ramify  on 
the  side  of  the  head,  and  the  external  ear,  in  the  auditory  passage,  the 
lower  lip,  and  the  lower  part  of  the  face  ;  sensory  branches  are  supplied 
by  it  to  the  greater  part  of  the  tongue  ;  and  branches  are  furnished  to  the 
mucous  membrane  of  the  mouth,  the  lower  teeth  and  gums,  the  salivary 
glands,  and  the  articulation  of  the  lower  jaw. 

This  nerve  supplies  the  muscles  of  mastication,  viz.,  the  masseter,  tem- 
poral, and  two  pterygoid  ;  also  the  buccinator,  the  mylo-hyoid,  and  the 
anterior  belly  of  the  digastric  ;  and  from  the  otic  ganglion  proceed  the 
branches  to  the  circumflexus  palati  and  tensor  tympani  muscles. 


SIXTH  PAIR  OF  NERVES. 

The  sixth  cranial  nerve  (uerv.  abducens)  enters  the  dura  mater  behind 
the  dorsum  sella?,  and  passing  forwards  in  the  floor  of  the  cavernous  sinus, 
close  to  the  outer  side  of  the  carotid  artery,  enters  the  orbit  through  the 
sphenoidal  fissure,  and  between  the  heads  of  the  external  rectus  muscle, 
and  is  entirely  distributed  to  that  muscle,  piercing  it  on  the  ocular  surface. 
In  entering  the  orbit  between  the  heads  of  the  external  rectus  muscle,  it  is 
beneath  the  other  nerves,  but  above  the  ophthalmic  vein.  While  passing 
along  the  internal  carotid  artery  in  the  cavernous  sinus,  it  is  joined  by  several 
filaments  of  the  sympathetic  from  the  carotid  plexus.  According  to 
Bock,  it  is  joined  in  the  orbit  by  a  filament  from  Meckel's  ganglion. — 
("  Beschreibung  des  Fiinften  Nervenpaares."  1817.) 


SEVENTH  PAIR  OF  NERVES. 

In  the  seventh  cranial  nerve  of  Willis  are  comprised  two  nerves  having 
a  distinct  origin,  distribution,  and  function.  One  of  these,  the  facial,  is  the 
motor  nerve  of  the  face  ;  the  other,  the  auditory,  is  the  special  nerve  of  the 
organ  of  hearing.  Both  enter  the  internal  auditory  meatus  in  the  tem- 
poral bone,  but  they  are  soon  separated  from  each  other. 

FACIAL  NERVE. 

The  facial  nerve,  or  portio  dura  of  the  seventh  pair,  is  inclined  outwards 
with  the  auditory  nerve,  from  its  place  of  origin,  to  the  internal  auditory 
meatus.  The  facial  lies  in  a  groove  on  the  auditory  nerve,  and  the  two  are 
united  in  the  auditory  meatus  by  one  or  two  small  filaments.  At  the  bot- 
tom of  the  meatus  the  facial  nerve  enters  the  aqueduct  of  Fallopius,  and 
follows  the  windings  of  that  canal  to  the  lower  surface  of  the  skull.  The 
nerve  passes  through  the  temporal  bono  at  first  almost  horizontally  outwards, 
between  the  cochlea  and  vestibule ;  on  reaching  the  inner  wall  of  tho  tym- 
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panuin  it  is  turned  suddenly  backwards  above  the  fenestra  ovalis  towards  the 
pyramid.  At  the  place  where  it  bends,  the  nerve  preseuts  a  reddish  gangli- 
form  enlargement,  sometimes  called  the  geniculate  ganglion,  which  marks  the 
place  of  junction  of  several  nerves.  Opposite  the  pyramid  it  is  arched  down- 
wards behind  the  tympanum  to  the  stylo-mastoid  foramen,  by  which  it  leaves 
the  osseous  canal.  It  is  then  continued  forwards  through  the  substance  of 
the  parotid  gland,  and  separates  in  the  gland,  behind  the  ramus  of  the  lower 
maxilla,  iuto  two  primary  divisions,  the  temporo-facial  and  the  cervico- 
facial, from  which  numerous  branches  spread  out  over  the  side  of  the  head, 
the  face,  and  the  upper  part  of  the  neck,  forming  what  is  known  as  the 
"  pes  anserinus." 

Within  the  temporal  bone  the  facial  is  connected  with  several  other 
nerves  by  separate  branches  ;  and  immediately  after  issuing  from  the 
stylo-mastoid  foramen,  it  gives  off  three  small  branches,  viz.,  the  posterior 
auricular,  digastric,  and  stylo-hyoid. 


Fig.  411. — Tub  Facial  Nekve  Fig.  411. 

exposed  in  its  canal,  with  its 
Connecting  Branches,  &c. 
(from  Sappey  after  Hirschfeld 
and  Leveill6).  g 

The  mastoid  and  a  part  of  the 
petrous  bone  have  been  divided 
nearly  vertically,  and  the  canal  of 
the  facial  nerve  opened  in  its  whole 
extent  from  the  meatus  internus 
to  the  stylo-mastoid  foramen.  The 
Vidian  canal  has  also  been  opened 
from  the  outside.  1,  facial  nerve 
in  the  horizontal  part  of  the  com- 
mencement of  the  canal  ;  2,  its 
second  part  turning  backwards  ; 
3,  its  vertical  portion  ;  4,  the 
nerve  at  its  exit  from  the  stylo- 
mastoid foramen  ;  5,  geniculate 
ganglion  ;  6,  large  superficial  pe- 
trosal nerve  passing  from  this  ganglion  to  the  spheno-palatine  ganglion,  and  joined  by 
the  small  internal  petrosal  branch  ;  7,  spheno-palatine  ganglion  ;  8,  small  superficial 
petrosal  nerve;  9,  chorda  tyrapani ;  10,  posterior  auricular  branch  cut  short  at  its  origin  ; 
11,  branch  for  the  digastric  muscle  ;  12,  branch  for  the  stylo-hyoid  muscle  ;  13,  twig  to 
the  stylo-glohsus  muscle  uniting  with  muscular  branches  of  the  glosso  pharyngeal  nerve  (14 
and  15). 


CONNECTING  BRANCHES. 

Filaments  of  union  with  the  auditor;/  nerve. — Tn  the  meatus  auditorius  one  or  two 
minute  filaments  pass  between  the  facial  and  the  trunk  of  the  auditory  nerve. 

Nerves  connected  with  the  gangliform  enlargement. — About  two  lines  from  the 
beginning  of  the  aqueduct  of  Fallopius,  where  the  facial  nerve  swells  into  the  gangli- 
form  enlargement,  it  is  joined  by  the  large  superficial  petrosal  branch  from  the  Vidian 
nerve.  This  ganglion  likewise  receives  a  small  branch  from  the  small  superficial 
petrosal  nerve  which  unites  the  otic  ganglion  with  the  tympanic  nerve  of  Jacobson. 
/Tr^^r6  t^ernd  the  SanSlioa  receives  the  external  superficial  petrosal  nerve 
(liidder),  which  is  furnished  by  the  sympathetic  accompanying  the  middle  meningeal 
artery,  and  enters  the  temporal  bone  by  a  canal  external  to  that  traversed  by  the 
small  superficial  petrosal. 

CHORDA  TYMPANI  AND  NERVE  TO  THE  STAPEDIUS. 
The  nerve  named  chorda  tympani  leaves  the  trunk  of  the  facial  while  within  its 
canal,  and  crosses  the  tympanum  to  join  the  gustatory  nerve,  along  which  it  is  con- 


612 


THE  CRANIAL  NERVES. 


ducted  towards  the  tongue.    It  enters  the  back  part  of  the  tympanic  cavifv  tlnmn*  » 

o  th ^  h  r^r  rrfof  the  t,ympanun? ;  and  being  invested  ^  ^ »««>». 

the  maSo    '        fed  aCr°SS  UlC  membra™  tympani  and  the  handle  of 

Hotr    T     ?n,aPerture  afc       inner  end  of  the  Glasserian  fissure.    It  then  passes 

i ™tsSrv  rrds'  rder  corr  of  ,the,extern  ai  pter^°id  m-cie'  ^  »sss 

n  ^statory  nerve  at  an  acute  angle,  descends  in  close  contact  with  it  and  is 

ne  te^n  t  d"  Sih        f™**^  and  P«*  blended  with  the  gi2££ 

Z  „  c  distribution  to  the  tongue.  As  this  nerve  crosses  the  tympanum  it  is 
said  to  supply  a  twig  to  the  laxator  tympani  muscle.  P  ' 


FIg-  412-  FiS    ^.-GENICULATE  GANGLION  OP 

the  Facial  Nkrve  and  its  Connec- 
tions from  above  (from  Bidder). 
The  dissection  is  made  in  the  middle 
fossa  of  the  skull  on  the  right  side  ;  the 
temporal  bone  being  removed  so  as  to 
open  the  meatus  iuternus,  hiatus  Fal- 
lopii  and  a  part  of  the  canal  of  the  facial 
nerve,  together  with  the  cavity  of  the 
tympanum,    a,  the  external  ear;  b, 
middle  fossa  of  the  skull  with  the 
meningeal  artery  ramifying  in  it;  1, 
facial  and  auditory  nerves  in  the  meatus 
auditorins  internus  ;  2,  large  super- 
ficial petrosal  nerve ;  3,  small  super- 
ficial petrosal  nerve  lying  over  the  ten- 
sor tympani  muscle  ;  4,  the  external 
8uper6cial  petrosal  joining  sympathetic 
twigs  on  the  meningeal  artery ;  5,  facial 
and  chorda  tympani;  6,  nerves  of  the 
eighth  pair. 

The  chorda  tympani  is  regarded  by 
some  anatomists  as  a  continuation  of 
the  great  superficial  petrosal  nerve. 
According  to  Owen,  in  the  horse  and 

in  structure,  the  Vidian  branch  of  th*  fifti^'  ^  Por1tioidura  beinS  less  dense 

p 7m,  nofeT"     '  Pai't,y  fr°m       P°rti°  dura"    (HunteVs  Collected  " 

o^^T  t0  M'.^edvus  muscle  arises  from  the  trunk  of  the  facial 
the  muscle     PyKUmd>  a*d  passes  obliquely  inwards  to  the  fleshy  belly  of 


POSTERIOR  AURICULAR  BRANCH. 

This  branch  arises  close  to  the  stylo-mastoid  foramen.    In  front  of  the 

crnelr;r'thedividr into  r auricukr  and « °ccipitai  ^  ^ 

connected  with  the  great  auricular  nerve  of  the  cervical  plexus.  It  is  said 
to  be  joined  by  the  auricular  branch  of  the  pneumo-gastric  nerve. 

+h*  T^  Z  7  r  S"PpHeS  filamenta  to  tbe  «t»he»t  muscle  of 
auricle  m         1Ute^ument  °»  the  posterior  aspect   of  the 

b.  The  occipital  branch >ii  directed  backwards  beneatl!  the  small  occipital 
nerve  (from  the  cervxcal  plexus)  to  the  posterior  part  of  the  occipito- 
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frontalis  muscle  ;  it  lies  close  to  the  bone,  and,  besides  supplying  the  muscle 
gives  upwards  filaments  to  the  integument. 

DIGASTRIC  AND  STYLO-HYOID  BRANCHES. 

The  digastric  branch  arises  in  common  with  that  for  the  stylo-hyoid 
muscle,  and  is  divided  into  numerous  filaments,  which  enter  the  digastric 
muscle  :  one  of  these  sometimes  perforates  the  digastric,  and  joins  the  glosso- 
pharyngeal nerve  near  the  base  of  the  skull. 

The  stylo-hyoid  branch,  long  and  slender,  is  directed  inwards  from  the 
digastric  branch  to  the  muscle  from  which  it  is  named.  This  nerve  is 
connected  with  the  plexus  of  the  sympathetic  on  the  external  carotid 
artery. 

TEMPORO-FACIAIi  DIVISION. 

The  temporo-facial,  the  larger  of  the  two  primary  divisions  into  which 
the  main  trunk  of  the  facial  nerve  separates,  is  directed  forwards  through 
the  parotid  gland.  Its  ramifications  and  connections  with  other  nerves  fornr 
a  network  over  the  side  of  the  face,  extending  as  high  as  the  temple  and 
as  low  as  the  mouth.  Its  branches  are  arranged  in  temporal,  malar,  and 
infraorbital  sets. 

(a)  The  temporal  branches  ascend  over  the  zygoma  to  the  side  of  the  head  Some 
end  in  the  anterior  muscle  of  the  auricle  and  the  integument  of  the  temple  and 
communicate  with  the  temporal  branch  of  the  upper  maxillary  nerve  near  the  ear,  as 
well  as  with  (according  to  Meckel)  the  auriculo-temporal  branch  of  the  lower  maxil- 
lary nerve.    Other  branches  enter  the  occipito-frontalis,  the  orbicularis  palpebrarum 

T^jsssssr^ muscles' aQd  joia  offset3  from  the      b— ; 

a„ST^  malar  hranchea-f<m  the  mal£*r  bone  to  reach  the  outer  side  of  the  orbit  and 
upply  the  orbicular  muscle.  Some  filaments  are  distributed  to  both  the  upper  ana 
lower  eyelids:  those  in  the  upper  eyelid  join  filaments  from  the  lachrymal  and 
supraorbita  nerves •  and  those  in  the  lower  lid  arc  connected  with  fi laments  from  tne 
upper  max,  lary  nerve.  Filaments  from  this  part  of  the  facial  nerve  commute 
with  the  malar  branch  of  the  upper  maxillary  nerve.  ominuuicate 
(c)  The  infraorbital  branches,  of  larger  size  than  the  other  branches  are  almost 
horizontal  in  direction  and  are  distributed  between  the  orbit  and  mou  1  '  They  sun- 
ply  the  buccinator  and  orbicularis  oris  muscles,  the  elevators  of  the  upper  lin  2\ 

of  the  cervico-facial  division  13  8et  are  conQected  with  those 

'^^JSSS^^^S^  di~  ofKthe  facial  is  —  ^ 

size  which  turn  roundTe  external  carotid  t\  *  °*°  °/tW°  °f  con9i^able 

tragus  of  the  outer  ear  ;  aad  U  glyes  8ome  filai^nts  to  the 

CERVICO-FACIAL  DIVISION. 

below  those  of  the  preceding  dlvbbn  and  ^  *°  ^Q 

The  branches  are  named  buccal  sunr am *n.      thd,Upfr  Part  of  the  ueck- 
gland,  this  division  of  the  fecia Irve  1   7'  mfif  amaxiIW-    In  the 
auricular  nerve  of  the  cervicaTplexus  a, d  off  ^  ?7  filamaDt3  °f  t!lf 
stance  of  the  gland  '         ^  fr0m  lfc  P0Qefcrate  tlie  sub- 
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(a)  The  buccal  branches  are  directed  across  the  masseter  muscle  to  the  angle  of 
the  mouth  ;  supplying  the  muscles,  they  communicate  with  the  temporo-facial  divi- 
sion, and  on  the  buccinator  muscle  join  with  filaments  of  the  buccal  branch  of  the 
lower  maxillary  nerve. 


Fig.  413. 


Pig.  413. — Superficial  Distribution  of  titk  Facial,  Trigeminal,  and  other  Nerves 
of  the  Head  (from  Sappey  after  Hirscbfeld  and  Leveill6).  % 

a,  References  to  the  Facial  Nerve. — 1,  trunk  of  the  facial  nerve  after  its  exit  from  the 
stylo-mastoid  foramen  ;  2,  posterior  auricular  branch  ;  3,  filament  of  the  great  auricular 
nerve  uniting  with  the  foregoing  ;  4,  twig  to  the  occipitalis  muscle ;  5,  twig  to  the  posterior 
auricular  muscle  ;  6,  twig  to  the  superior  auricular  muscle  ;  7,  branch  to  the  digastric ;  8, 
that  to  the  stylo-hyoid  muscle  ;  9,  superior  or  temporo-facial  division  of  the  pes  anserinus; 
10,  temporal  branches ;  11,  frontal  ;  12,  palpebral  or  orbital;  13,  nasal  or  infra-orbital; 
14,  buccal  ;  15,  inferior  or  cervico-facial  division  of  the  nerve  ;  16,  labial  and  mental 
branches  ;  17,  cervical  branches. 

6,  References  to  the  Fifth  Nerve. — 18,  temporo-auricular  nerve  (of  the  inferior  maxillary 
nerve)  uniting  with  the  facial,  giving  anterior  auricular  aud  parotid  branches,  and  ascend- 
ing to  the  temporal  region;  19,  external  frontal  or  supra-orbital  nerve;  20,  internal 
frontal ;  21,  palpebral  twigs  of  the  lachrymal  ;  22,  terminal  branches  of  the  infra-trochlcar  ; 
23,  malar  twig  of  the  orbito-malar  :  24,  external  nasal  twig  of  the  ethmoidal ;  25,  infra- 
orbital nerve ;  26,  buccal  nerve  uniting  with  branches  of  the  facial ;  27,  labial  and 
mental  branches  of  the  inferior  dental  nerve. 

c  Cervical  Nerves. — 28,  great  occipital  nerve  from  the  second  cervical  ;  29,  great 
auricular  nerve  from  the  cervical  plexus  ;  30,  lesser  occipital ;  31,  another  branch  with  a 
similar  distribution  ;  32,  superficial  cervical,  uniting  by  several  twigs  with  the  facial. 
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(b)  The  supramaxillary  branch,  sometimes  double,  gives  an  onset  over  the  side  of 
the  maxilla  to  the  angle  of  the  mouth,  and  is  then  directed  inwards,  beneath  the 
depressor  of  the  angle  of  the  mouth,  to  the  muscles  and  integument  between  the  lip 
and  chin;  it  joins  with  the  labial  branch  of  the  lower  dental  nerve. 

(c)  The  inframaxillary  brunches  (r.  subcutanci  colli),  perforate  the  deep  cervical 
fascia,  and,  placed  beneath  the  platysma  mu3cle,  form  arches  across  the  side  of  the 
neck  as  low  as  the  hyoid  bone.  Some  branches  join  the  superficial  cervical  nerve 
beneath  the  platysma,  others  enter  that  muscle,  and  a  few  perforate  it  to  end  in  the 
integument. 

Summary. — The  facial  nerve  is  the  motor  nerve  of  the  face.  It  is 
distributed  to  most  of  the  muscles  of  the  ear,  and  to  the  muscles  of  the 
scalp  ;  to  those  of  the  mouth,  nose  and  eyelids  ;  and  to  the  cutaneous 
muscle  of  the  neck  (platysma).  It  likewise  supplies  branches  to  the  integu- 
ment of  the  ear,  to  that  of  the  side  and  back  of  the  head,  as  well  as  to  that 
of  the  face  and  the  upper  part  of  the  neck. 

This  nerve  is  connected  freely  with  the  three  divisions  of  the  fifth  nerve, 
and  with  the  submaxillary  and  spheno-palatine  ganglia  ;  with  the  glosso- 
pharyngeal and  pneumo-gastric  nerves  ;  with  the  auditory,  and  with  parti 
of  the  sympathetic  and  the  spinal  nerves. 

AUDITORY  NERVE. 

The  auditory  nerve,  or  portio  mollis  of  the  seventh  pair,  is  the  special  nerve 
of  the  organ  of  hearing,  and  is  distributed  exclusively  to  the  internal  ear. 

As  the  auditory  nerve  is  inclined  outwards  from  its  connection  with  the 
medulla  oblongata  to  gain  the  internal  auditory  meatus,  it  is  in  contact 
with  the  facial  nerve,  being  only  separated  from  it  in  part  by  a  small  artery 
destmed  for  the  internal  ear.  Within  the  meatus  the  two  nerves  are  con- 
nected to  each  other  by  one  or  two  small  filaments.  Finally  the  auditory 
nerve  bifurcates  in  the  meatus  :  one  division,  piercing  the  anterior  part  of  the 
cribriform  lamina,  is  distributed  to  the  cochlea  ; .  the  other,  piercing  the 
posterior  half  of  the  lamina,  enters  the  vestibule  of  the  internal  ear  °  The 
distribution  of  tnese  branches  will  be  described  with  the  ear. 

EIGHTH  PAIR  OF  NERVES. 
The  eighth  pair  is  composed  of  three  distinct  nerves— the  glosso-pharyngeal 
pneumo-gastric  and  spinal-accessory,  which  leave  the  skull  through  the 
anterior  and  inner  division  of  the  foramen  lacerum  posticum,  to  the  inner 
side  and  m  front  of  the  internal  jugular  vein.     Two  of  these  nerves  the 
glosso-pharyngeal  and  pneumo-gastric,  are  attached  to  the  medulla  oblongata 
in  the  same  line,  and  resemble  one  another  somewhat  in  their  distribution 
for  both  are  distributed  to  the  first  part  of  the  alimentary  canal.    The  other' 
the  spinal-accessory,  takes  its  origin  chiefly  from  the  spinal  cord,  and  is 
mainly  distnbuted  to  muscles  5  but  it  gives  fibres  to  the  first  two  nerves  bv 
its  communicating  branch.  ' 

GLOSSO-PHARYNGEAL  NERVE. 
The  glosso-pharyngeal  nerve  is  destined,  as  the  name  implies  for  the 
tongue  and  pharynx.  Directed  outwards  from  its  place  of  origii  'over  he 
flocculus  to  the  foramen  jugulare,  it  leaves  the  skull  with  the  pneumo^tr c 
and  spinal-accessory  nerves,  but  in  a  separate  tube  of  dura  mater  TpTssW 
through  the  foramen,  somewhat  in  front  of  the  others,  [his  neive 
contained  in  a  groove,  or  in  a  canal  in  the  lower  border'  of The  pe  rous 
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portion  of  the  temporal  bone,  and  presents,  successively,  two  ganglionic 
enlargements, — the  jugular  ganglion,  and  the  petrous  ganglion. 

After  leaving  the  skull,  the  glosso-pharyngeal  nerve  appears  between  the 
internal  carotid  artery  and  the  jugular  vein,  and  is  directed  downwards  over 
the  carotid  artery  and  beneath  the  styloid  process  and  the  muscles  con- 
nected with  it,  to  the  lower  border  of  the  stylo-pharyngeus  muscle.  Here, 
changing  its  direction,  the  nerve  curves  inwards  to  the  tongue,  on  the 
stylo-pharyngeus  and  the  middle  constrictor  muscle  of  the  pharynx,  above 
the  upper  laryngeal  nerve  ;  and,  passing  beneath  the  hyo-glossus  muscle, 
ends  in  branches  for  the  pharynx,  the  tonsil,  and  the  tongue. 

Fig.  414.  Fig.   414. — Diagrammatic  Sketch 

from  behind  op  the  koots  op  the 
Nerves  op  the  Eighth  Pair,  with 
their  Ganglia  and  Communica- 
tions (from  Bendz;. 

A,  part  of  the  cerebellum  above  the 
fourth  ventricle;  B,  medulla  oblon- 
gata ;  C,  posterior  columns  of  the  spinal 
cord  ;  1,  root  of  the  glosso-pharyngeal 
nerve  ;  2,  roots  of  the  pneumo-gastric  ; 

3,  3,  3,  roots  of  the  spinal  accessory, 
the  uppermost  number  indicating  the 
filaments  intermediate  between  the 
spinal  accessory  and  pneumo-gastric  ; 

4,  jugular  ganglion  of  the  glosso-pha- 
ryngeal ;  5,  petrous  ganglion  ;  6, 
tympanic  branch  ;  7,  ganglion  of  the 
root  of  the  pneumo-gastric;  8,  auricu- 
lar branch  ;  9,  long  ganglion  on  the 
trunk  of  the  pneumo-gastric ;  10, 
branch  from  the  upper  ganglion  to  the 
petrous  ganglion  of  the  glosso-pharyn- 
geal;  11,  inner  portion  of  the  spinal 
accessory  ;  12,  outer  portion ;  13, 
pharyngeal  branch  of  the  pneumo- 
gastric  ;  14,  superior  laryngeal  branch  ; 

15,  twigs  connected  with  the  sympathetic  ;  16,  fasciculus  of  the  spinal  accessory  prolonged 
with  the  pneumo-gastric. 

The  jugular  ganglion,  the  smaller  of  the  two  ganglia  of  the  glosso- 
pharyngeal nerve,  is  situated  at  the  upper  part  of  the  osseous  groove  in 
which  the  nerve  is  laid  during  its  passage  through  the  jugular  foramen. 
Its  length  is  from  half  a  line  to  a  line,  and  the  breadth  from  half  to  three 
fourths  of  a  line.  It  is  placed  on  the  outer  side  of  the  trunk  of  the  nerve, 
and  involves  only  a  part  of  the  fibres, — a  small  fasciculus  passing  over  the 
ganglion,  and  joining  the  nerve  below  it. 

The  petrous  ganglion  is  contained  in  a  hollow  in  the  lower  border  of  the 
petrous  part  of  the  temporal  bone  (receptaculum  ganglioli  petrosi),  and 
measures  about  three  lines  in  length.  This  ganglion  includes  all  the  fila- 
ments of  the  nerve,  and  resembles  the  gangliform  enlargement  of  the  facial 
nerve.  From  it  arise  the  small  branches  by  which  the  glosso-pharyngeal  is 
connected  with  other  nerves  at  the  base  of  the  skull :  these  are  the  tympanic 
nerve,  and  the  branches  which  join  the  pneumo-gastric  and  sympathetic. 

CONNECTING  BRANCHES,   AND  TYMPANIC  BRANCH. 

From  the  petrous  ganglion  spring  three  small  connecting  filaments.  One  passes 
to  the  auricular  branch  of  the  pneumo-gastric,  one  to  the  upper  ganglion  of  the  sym- 
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pathetic,  or  vice  versd,  and  a  third  to  the  ganglion  of  the  root  of  the  pneumo-gastric 
nerve.    The  last  is  not  constant. 

There  is  sometimes  likewise  a  filament  from  the  digastric  branch  of  the  facial  nerve 
which,  piercing  the  digastric  muscle,  joins  the  glossopharyngeal  nerve  below  the 
petrous  ganglion. 

The  tympanic  branch  (nerve  of  Jacobson),  arises  from  the  petrous  ganglion,  and  is 
conducted  to  the  tympanum  by  a  special  canal,  the  orifice  of  which  is  in  the  ridge  of 
.  bone  between  the  jugular  fossa  and  the  carotid  foramen.  On  the  inner  wall  of  the 
tympanum  the  nerve  joins  with  a  twig  from  the  sympathetic  in  a  plexus  (tym- 
panic), and  distributes  filaments  to  the  membrane  lining  the  tympanum  and  the 
Eustachian  tube,  as  well  as  one  to  the  fenestra  rotunda,  and  another  to  the  fenestra 
ovalis. 


Pig.  415. 


Fig.  415. — Sketch  op  the  Tympanic 
Branch  of  the  Glosso-Pharyn- 
geal  Nerve,  and  its  Connections 
(from  Breschet). 

A,  squamous  part  of  the  left  tem- 
poral bone  ;  B,  petrous  part ;  C,  in- 
ferior maxillary  nerve ;  D,  internal 
carotid  artery  ;  a,  tensor  tympani 
muscle ;  1,  carotid  plexus ;  2,  otic 
ganglion ;  3,  glossopharyngeal  nerve ; 
4,  tympanic  nerve ;  5,  twigs  to  the 
carotid  plexus  ;  6,  twig  to  fenestra 
rotunda  ;  7,  twig  to  fenestra  ovalis  ; 
8,  junction  with  the  large  superficial 
petrosal  nerve ;  9,  small  superficial 
petrosal ;  10,  twig  to  the  tensor  tym- 
pani muscle  ;  11,  facial  nerve  ;  12, 
chorda  tympani ;  1 3,  petrous  ganglion 
of  the  glossopharyngeal ;  14,  twig  to 
the  membrane  of  the  Eustachian  tube. 

From  the  tympanic  nerve  are 
given  three  connecting  branches, 
by  which  it  communicates  with 
other  nerves;  and  which  occupy 
channels  given  off  from  the  osseous 

canal  through  which  the  nerve  enters  the  tympanum.  One  branch  enters  the  carotid 
canal  and  joins  with  the  sympathetic  on  the  carotid  artery.  A  second  is  united  to 
the  large  superficial  petrosal  nerve,  as  this  lies  in  the  hiatus  Fallopii.  And  the 
third  is  directed  upwards,  beneath  the  canal  for  the  tensor  tympani  muscle,  towards 
the  surface  of  the  petrous  portion  of  the  temporal  bone,  where  it  becomes  the  small 
■petrosal  nerve;  and  under  this  name  it  is  continued  to  the  exterior  of  the  skull 
through  a  sma  aperture  in  the  sphenoid  and  temporal  bones,  to  end  in  the  otic 
ganglion.  As  this  petrosal  nerve  passes  the  gangliform  enlargement  of  the  facial  it 
X^^^t  ^  -^-nt,  which  is  by  some  considered  its 

sphXTatttantlioan.  °*  "  ^  ^  ^™  "™  *  ** 

BRANCHES  DISTRIBUTED  IN  THE  NECK. 

The  ccr«HS™»cto  cour»  along  the  intend  earotid  artery,  .nd  unite  will  tie 
pharyngeal  braneh  of  the  pneuwo-gaatrie,  and  with  branches  of  th",mpatheUc 

.Jetef £Tht  r-fh  £™z'7£:ru'-  ■*  t"* ";  - 
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Tho  muscular  branches  are  given  to  the  stylopharyngeus  and  constrictor 
muscles. 

Tonsillitic  branches.— When  the  glossopharyngeal  nerve  is  near  the  tonsil,  some 
branches  are  distributed  on  that  body  in  a  kind  of  plexus  (circulus  tonsillaris).  Prom 
these  nerves  offsets  are  sent  to  the  soft  palate  and  the  isthmus  of  the  fauces. 

Lingual  branches.— The  glossopharyngeal  nerve  divides  into  two  parts  at  the 
border  of  the  tongue.  One  turns  to  the  upper  surface  of  the  tongue,  supplying  the 
mucous  membrane  at  its  base ;  the  other  perforates  the  muscular  structure,  and  ends 
in  the  mucous  membrane  on  the  lateral  part  of  the  tongue.  Some  filaments  enter 
the  circumvallate  papillae. 

Summary. — The  glossopharyngeal  nerve  distributes  branches  to  the 
mucous  membrane  of  the  tongue,  pharynx,  tympanum  and  Eustachian  tube. 
The  muscles  supplied  by  it  are  some  of  those  of  the  pharynx  and  base  of  the 
tongue.  It  is  connected  with  the  following  nerves,  viz.,  the  lower  maxillary 
division  of  the  fifth,  the  facial,  the  pneumo-gastric  (the  trunk  and  branches 
of  this  nerve),  and  the  sympathetic. 

PNEUMO-GASTRIC  NERVE. 

The  pneumo-gastric  nerve  (nervus  vagus,  par  vagum)  has  the  longest 
course  of  any  of  the  cranial  nerves.  It  extends  through  the  neck  and  the 
cavity  of  the  chest  to  the  upper  part  of  the  abdomen  ;  and  it  supplies  nerves 
to  the  organs  of  voice  and  respiration,  to  the  alimentary  canal  as  far  as  the 
stomach,  and  to  the  heart. 

The  filaments  by  which  this  nerve  springs  from  the  medulla  oblongata 
are  arranged  in  a  flat  fasciculus,  immediately  beneath  the  glossopharyngeal 
nerve,  and  directed  outwards  with  that  nerve,  across  the  flocculus  to  the 
jugular  foramen. 

In  passing  through  the  opening  at  the  base  of  the  skull  the  pneumo- 
gastric  nerve  is  contained  in  the  same  sheath  of  dura  mater,  and  surrounded 
by  the  same  tube  of  arachnoid  membrane  as  the  spinal-acces3ory  nerve  ;  but 
it  is  separated  from  the  glossopharyngeal  nerve  by  a  process  of  membrane. 
In  the  foramen  the  filaments  of  the  nerve  become  aggregated  together  ;  and 
it  here  presents  a  ganglionic  enlargement,  distinguished  as  the  ganglion  of 
the  root  of  the  pneumo-gastric.  After  its  passage  through  the  foramen,  it 
is  joined  by  the  accessory  part  of  the  spinal-accessory  nerve,  and  a  second 
ganglion  is  formed  upon  it,  the  ganglion  of  the  trunk  of  the  nerve.  Several 
communications  are  at  the  same  time  established  with  the  surrounding 
nerves. 

The  upper  ganglion,  or  ganglion  of  the  root  of  the  pneumo-ga3tric  nerve, 
situated  in  the  foramen  jugulare,  is  of  a  greyish  colour,  nearly  spherical,  and 
about  two  lines  in  diameter  ;  it  has  filaments  connecting  it  with  other  nerves, 
viz.,  with  the  facial,  the  petrous  ganglion  of  the  glossopharyngeal,  the 
spinal-accessory,  and  the  sympathetic. 

The  lower  ganglion,  or  ganglion  of  the  trunk  of  the  pneumo-gastric  nerve, 
is  about  half  an  inch  below  the  preceding.  Occupying  the  trunk  of  the 
nerve  outside  the  skull,  it  is  of  a  flattened  cylindrical  form  and  reddish 
colour,  and  measures  about  ten  lines  in  length  and  two  in  breadth.  The 
ganglion  does  not  include  all  the  fibres  of  the  nerve  ;  the  fasciculus,  which 
is  sent  from  the  spinal-accessory  to  join  the  vagus,  is  the  part  not  in- 
volved in  the  ganglionic  substance.  It  communicates  with  the  hypoglossal, 
the  spinal  and  the  sympathetic  nerves. 

The  pneumo-gastric  nerve  descends  in  the  neck,  between  and  concealed 
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by  the  internal  jugular  vein  aud  the  internal  carotid  artery,  and  afterwards, 
similarly  between  that  vein  and  the  common  carotid  artery,  being  enclosed 
along  with  them  iu  the  sheath  of  the  vessels.  As  they  enter  the  thorax 
the  nerves  of  the  right  and  left  side  present  some  points  of  difference. 


Fig.  416. — Diagram  of  the  Roots  Eig.  416. 

and  Anastomosing  Branohes  of 
the  Nerves  of  the  Eighth  Pair 
and  Neighbouring  Nerves  (from 
Sappey  after  Hirschfeld  and  Le- 
veiUe"). 


1,  facial  nerve  ;  2,  glosso- pharyn- 
geal with  the  petrous  ganglion  repre- 
sented ;  2',  connection  of  the  digastric 
branch  of  the  facial  nerve  with  the 
glossopharyngeal    nerve ;   3,  pneu- 
mo -gastric,  with  both  its  ganglia  re- 
presented ;   4,  spinal  accessory  ;  5, 
hypoglossal  ;    6,    superior  cervical 
ganglion  of  the  sympathetic ;  7,  loop  of 
union  between  the  two  first  cervical 
nerves ;  8,  carotid  branch  of  the  sym- 
pathetic ;  9,  nerve  of  Jacob^on  (tym- 
panic), given  off  from  the  petrous 
ganglion;  10,  its  filaments  to  the 
sympathetic ;  11,  twig  to  the  Eusta- 
chian tube;  12,  twig  to  the  fenestra 
ovalis ;  13,  twig  to  the  fenestra  ro- 
tunda ;  14,  twig  of  union  with  the 
small  superficial  petrosal ;  1 5,  twig  of 
union  with  the  large  superficial  petro- 
sal;  16,  otic  ganglion  ;  17,  branch  of 
the  jugular  fossa,  giving  a  filament  to 
the  petrous    ganglion  ;    18,  union 
of  the  spinal  accessory  with  the  pneu- 
mo-gastric  ;  19,  union  of  the  hypo- 
glossal with  the  first  cervical  nerve; 
20,  union  between  the  sterno-mastoid 
branch  of  the  spinal  accessory  and 
tbat  of  the  second  cervical  nerve  j  21, 

felnfal  P11.exusf:+22'  laryDgeal  nerve;  23,  external  laryngeal;  24,  middle 

cervical  ganglion  of  the  sympathetic.  '  mluaie 

On  the  right  side  the  nerve  crosses  over  the  first  part  of  the  right  sub- 
clavian  artery  at  the  root  of  the  neck,  and  its  recurrent  laryngeal  branch 
turns  backwards  and  upwards  round  that  vessel.  The  nerve  then  enters 
the  thorax  behind  the  right  innominate  vein,  and  descends  on  the  aide  of  the 
rachea  to  the  back  of  the  root  of  the  lung,  where  it  spreads  out  in  the  pos- 
terior pulmonary  p  exus.  It  emerges  from  this  plexus  in  the  form  of  Wo 
cords,  which  are  directed  to  the  oesophagus,  and  uniting  and  subdividing 

127  I  £  I'"01163  °f  ^  nen'e  °f  the  left  8ide>  the  oesophageal 
plexus.  Near  the  lower  part  of  the  oesophagus  the  branches,  which  have 
thus  interchanged  fibres  with  the  nerve  of  the  left  side,  are  gathere! 
again  into  a  single  trunk,  which,  descending  on  the  back  of  he  LZhlZs 
»  spread  out  on  the  posterior  or  inferior  surface  of  the  stomach 
the^eft  Lot/Inl  V,  f"6.0"0"*-^  *^e,  entering  the  thorax  between 
its  father  f^v    1  8"bclar:Q  «d  behind  the  left  innominate  vein, 

lies  further  forwards  than  the  nght  nerve,  and  crosses  over  the  arch  of  the 
aorta,  while  its  recurrent  laryngeal  branch  turns  up  behind  the  arch.  It 
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then  passes  behind  the  root  of  the  left  lung,  and,  emerging  from  the 
posterior  pulmonary  plexus,  is  distributed  like  its  fellow  to  the  cesophagus. 


Fig.  417. 


Fig.  417. — View  op  the  Nerves  op  the  Eighth  Pair,  their  Distribution  and 
Connections  on  the  Lept  Side  (from  Sappey  after  Hirschfeld  and  Leveille).  § 

1,  pneumo-gastric  nerve  in  the  neck;  2,  ganglion  of  its  trunk  ;  3,  its  union  ■with  the 
spinal  accessory  ;  4,  its  union  with  the  hypoglossal ;  5,  pharyngeal  branch  ;  6,  superior 
laryngeal  nerve ;  7,  external  laryngeal ;  8,  laryngeal  plexus ;  9,  inferior  or  recur- 
rent laryngeal;  10,  superior  cardiac  branch;  11,  middle  cardiac;  12,  plexiform  part 
of  the  nerve  in  the  thorax  ;  13,  posterior  pulmonary  plexus ;  14,  lingual  or  gustatory 
nerve  of  the  inferior  maxillary  ;  15,  hypoglossal,  passing  into  the  muscles  of  the  tongue, 
giving  its  thyro-hyoid  branch,  and  uniting  with  twigs  of  the  lingual ;  16,  glossopharyngeal 
nerve  ;  17,  spinal  accessory  nerve,  uniting  by  its  inner  branch  with  the  pneumo-gastric, 
and  by  its  outer,  passing  into  the  sterno-mastoid  muscle  ;  18,  second  cervical  nerve  ;  19, 
third  ;  20,  fourth  ;  21,  origin  of  the  phrenic  nerve  ;  22,  23,  fifth,  sixth,  seventh,  and 
eighth  cervical  nerves,  forming  with  the  first  dorsal  the  brachial  plexus  ;  24,  superior 
cervical  ganglion  of  the  sympathetic  ;  25,  middle  cervical  ganglion  ;  26,  inferior  cervical 
ganglion  united  with  the  first  dorsal  ganglion  ;  27,  28,  29,  30,  second,  third,  fourth,  and 
fifth  dorsal  ganglia. 
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Inferiorly,  it  forms  a  single  trunk  in  front  of  the  oesophagus,  and  is  spread 
out  on  the  anterior  or  superior  surface  of  the  stomach. 

There  are  various  circumstances  in  the  distribution  of  the  pneumo-gastric  nerves 
which  at  first  sight  appear  anomalous,  but  which  are  explained  by  reference 
to  the  process  of  development.  The  recurrent  direction  of  the  inferior  laryngeal 
branches  in  all  probability  arises  from  the  extreme  shortness  or  rather  absence  of  the 
neck  in  the  embryo  at  first,  and  from  the  branchial  arterial  arches  having  originally 
occupied  a  position  at  a  higher  level  than  the  parts  in  which  those  branches  are 
ultimately  distributed,  and  having  dragged  them  down  as  it  were  in  the  descent  of 
the  heart  from  the  neck  to  the  thorax.  The  recurrent  direction  may  therefore  be 
accepted  as  evidence  of  the  development  of  those  nerves  before  the  occurrence  of 
that  descent.  The  circumstance  that  one  recurrent  laryngeal  nerve  passes  round  the 
subclavian  artery,  and  the  other  round  the  aorta,  is  seen  to  arise  from  an  originally 
symmetrical  disposition,  when  it  is  remembered  that  the  innominate  artery  and  the 
arch  of  the  aorta  are  derived  from  corresponding  arches  of  the  right  and  left  sides. 
The  supply  of  the  back  of  the  stomach  by  the  right  pneumo-gastric  nerve,  and  the 
front  by  the  left  nerve,  is  connected  with  the  originally  symmetrical  condition  of  the 
alimentary  canal,  and  the  turning  over  of  the  stomach  on  its  right  side  in  its  sub- 
sequent growth, 

BRANCHES  OF  THE  PNEUMO-GASTRIC  NERVE. 

Some  of  its  branches  serve  to  connect  the  pneumo-gastric  -with  other 
nerves,  and  others  are  distributed  to  the  muscular  substance  or  the  mucous 
lining  of  the  organs  "which  the  nerve  supplies.  The  principal  con- 
necting branches  of  this  nerve  are  derived  from  the  ganglia.  In  the 
different  stages  of  its  course  branches  are  supplied  to  various  organs  as 
follows  : — In  the  jugular  foramen,  a  branch  is  given  to  the  ear  ;  in  the  neck 
branches  are  furnished  successively  to  the  pharynx,  the  larynx,  and  the 
heart  ;  and  in  the  thorax  additional  branches  are  distributed  to  the  heart, 
as  well  as  to  the  lungs  and  the  oesophagus.  Terminal  branches  in  the 
abdomen  are  distributed  to  the  stomach,  liver,  and  other  organs. 

CONNECTING  BRANCHES  AND  AURICULAR  BRANCH. 

Connections  between  the  upper  ganglion  of  the  vagus  nerve  and  the  spinal-accessory, 
glosso-pharyngeal,  and  sympathetic  nerves. — The  connection  with  the  spinal-accessory 
is  effected  by  one  or  two  filaments.  The  filament  to  the  petrous  ganglion  of  the 
glosso-pharyngeal  is  directed  transversely ;  it  is  not  always  present.  The  communi- 
cation with  the  sympathetic  is  established  by  means  of  the  ascending  branch  of  the 
upper  cervical  ganglion. 

The  auricular  branch  is  continued  to  the  outer  ear.  Arising  from  the  ganglion  of 
the  root,  this  branch  is  joined  by  a  filament  from  the  glosso-pharyngeal  nerve,  and 
then  turns  backwards  along  the  outer  boundary  of  the  jugular  foramen  to  an  opening 
near  the  styloid  process.  Next,  it  traverses  the  substance  of  the  temporal  bone, 
crossing  the  aqueduct  of  Fallopius,  about  two  lines  from  the  lower  end,  and,  reaching 
the  surface  between  the  mastoid  process  and  the  external  auditory  meatus,  is  distri- 
buted to  the  integument  of  the  back  of  the  ear.  On  the  surface  it  joins  with  a  twig 
from  the  posterior  auricular  branch  of  the  facial  nerve. 

Connections  of  the  second  ganglion  with  the  hypoglossal,  sympathetic,- and  spinal 
nerves.— This  ganglion  is  connected  by  filaments  with  the  trunk  of  the  hypoglossal, 
with  the  upper  cervical  ganglion  of  the  sympathetic,  and  with  the  loop  formed  be- 
tween the  first  two  cervical  nerves. 

PHARYNGEAL  BRANCH. 

The  pharyngeal  branch  arises  from  the  upper  part  of  the  ganglion  of  the 
trunk  of  the  nerve.  In  its  progress  inwards  to  the  pharynx  this  nerve 
crosses,  in  some  cases  over,  in  others  under  the  internal  carotid  artery  ;  and 
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it  divides  into  branches  which,  conjointly  with  others  derived  from  the 
glossopharyngeal,  the  superior  laryngeal,  and  the  sympathetic  nerves,  form 
a  plexus  (pharyngeal)  behind  the  middle  constrictor  of  the  pharynx.  FrZ 

mJCT  fa^beS  giV6n  t0  the  mUSCular  structure>  and  to  the  ""i«ni. 
membrane  of  the  pharynx.  As  the  pharyngeal  nerve  crosses  the  carotid 
artery,  it  joins  filaments  which  the  glossopharyngeal  distributes  on  the  same 
vessel.— 1  here  is  sometimes  a  second  pharyngeal  branch. 


SUPERIOR  LARYNGEAL  BRANCH. 

This  nerve  springs  from  the  middle  of  the  ganglion  of  the  trunk  of  the 
Pneumo-gastnc  nerve.     It  is  directed  inwards  to  the  larynx  beneath  the 
internal  carotid  artery,  and  divides  beneath  that  vessel  into  two  branches 
distinguished  as  external  and  internal  laryngeal,  both  of  which  ramify  in 
the  structures  of  the  larynx. 

The  external  laryngeal  branch,  the  smaller  of  the  two  divisions,  gives 
backwards,  at  the  side  of  the  pharynx,  filaments  to  the  pharyngeal  plexus 
and  the  lower  constrictor  muscle  ;  and  it  is  finally  prolonged  beneath  the 
muscles  on  the  side  of  the  larynx  to  the  crico-thyroid  muscle  in  which  it 
ends.  In  the  neck  this  branch  joins  the  upper  cardiac  nerve  of  the 
sympathetic. 

The  internal  laryngeal  branch  is  continued  to  the  interval  between  the 
nyoid  bone  and  the  thyroid  cartilage,  where  it  perforates  the  thyro-hyoid 
membrane  with  the  laryngeal  branch  of  the  superior  thyroid  artery,  and  dis- 
tributes filaments  to  the  mucous  membrane  :  some  of  these  are  directed  up- 
wards m  the  aryteno-epiglottidean  fold  of  mucous  membrane  to  the  base  of  the 
tongue,  the  epiglottis,  and  the  epiglottidean  glands;  while  others  are  reflected 
downwards  in  the  lining  membrane  of  the  larynx,  extending  to  the  chorda 
vocalis,  on  the  inner  side  of  the  laryngeal  pouch.  A  slender  communicating 
branch  to  the  recurrent  laryngeal  nerve  descends  beneath  the  lateral  part  of 
the  thyroid  cartilage.  A  branch  enters  the  arytenoid  muscle,  some  fila- 
ments of  which  seem  to  end  in  the  muscle,  while  others  proceed  through  it 
to  the  mucous  membrane. 

RECURRENT  LARYNGEAL  BRANCH. 

The  recurrent  or  inferior  laryngeal  branch  of  the  vagus  nerve,  as  the 
name  expresses,  has  a  reflex  course  to  the  larynx. 

The  nerve  on  the  right  side  arises  at  the  top  of  the  thorax,  winds  round 
the  subclavian  artery,  and  passes  beneath  the  common  carotid  and  inferior 
thyroid  arteries  in  its  course  towards  the  trachea.  On  the  left  side  the  re- 
current nerve  is  bent  round,  below  and  behind,  the  arch  of  the  aorta,  imme- 
diately beyond  the  point  where  the  obliterated  ductus  arteriosus  is  con- 
nected with  the  arch,  and  is  thence  continued  upwards  to  the  trachea. 

Each  nerve  in  its  course  to  the  larynx  is  placed  between  the  trachea  and 
oesophagus,  supplying  branches  to  both  tubes  ;  and  each,  while  making  its 
turn  round  the  artery,  gives  nerves  to  the  deep  cardiac  plexus.  At  the 
lower  part  of  the  cricoid  cartilage  the  recurrent  nerve  distributes  branches 
to  supply  all  the  special  muscles  of  the  larynx,  except  the  crico-thyroid 
muscle,  which  is  supplied  from  the  upper  laryngeal  nerve.  It  likewise 
gives  a  few  offsets  to  the  mucous  membrane,  and  a  single  communicating 
filament,  which  joins  the  long  branch  of  the  upper  laryngeal  nerve  beneath 
the  Bide  of  the  thyroid  cartilage. 
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CARDIAC  BRANCHES. 

Branches  to  the  heart  are  given  off  by  the  pneumo-gastric  nerve  both  in 
the  neck  and  in  the  thorax. 

The  cervical  cardiac  branches  arise  at  both  the  upper  and  the  lower  part 
of  the  neck.  The  upper  branches  are  small,  and  join  the  cardiac  nerves  of 
the  sympathetic.  The  lower,  a  single  branch,  arises  as  the  pneumo-gastric 
nerve  is  about  to  enter  the  chest.  On  the  right  side  this  branch  lies  by  the 
side  of  the  innominate  artery,  and  joins  one  of  the  cardiac  nerves  destined 
for  the  deep  cardiac  plexus  ;  it  gives  some  filaments  to  the  coats  of  the 
aorta.  The  branch  of  the  left  side  crosses  the  arch  of  the  aorta,  and  ends 
in  the  superficial  cardiac  plexus. 

The  thoracic  cardiac  branches  of  the  right  side  leave  the  trunk  of  the 
pneumo-gastric  as  this  nerve  lies  by  the  side  of  the  trachea,  and  some 
are  also  derived  from  the  first  part  of  the  recurrent  branch  :  they  pass 
inwards  on  the  air-tube,  and  end  in  the  deep  cardiac  plexus.  The 
corresponding  branches  of  the  left  side  come  from  the  left  recurrent 
laryngeal  nerve. 

PULMONARY  BRANCHES. 

Two  sets  of  pulmonary  branches  are  distributed  from  the  pneumo-gastric 
nerve  to  the  lung  ;  and  they  reach  the  root  of  the  lung,  one  on  its  fore  part, 
the  other  on  its  posterior  aspect.  The  anterior  pulmonary  nerves,  two  or 
three  in  number,  are  of  small  size.  They  join  with  filaments  of  the 
sympathetic  ramified  on  the  pulmonary  artery,  and  with  these  nerves 
constitute  the  anterior  pulmonary  plexus.  Behind  the  root  of  the  lung  the 
pneumo-gastric  nerve  becomes  flattened,  and  gives  several  branches  of  much 
larger  size  than  the  anterior  branches,  which,  with  filaments  derived  from 
the  second,  third,  and  fourth  thoracic  ganglia  of  the  sympathetic,  form  the 
posterior  pidmonary  plexus.  Offsets  from  this  plexus  extend  along  the  rami- 
fications of  the  air-tube  through  the  substance  of  the  lung. 

OESOPHAGEAL  BRANCHES. 

The  oesophagus  within  the  thorax  receives  branches  from  the  pneumo- 
gastric  nerves,  both  above  and  below  the  pulmonary  branches.  The  lower 
branches  are  the  larger,  and  are  derived  from  the  oesophageal  plexus,  formed 
by  connecting  cords  between  the  nerves  of  the  right  and  left  sides,  while 
they  lie  in  contact  with  the  oesophagus. 

GASTRIC  BRANCHES. 

The  branches  distributed  to  the  stomach  {gastric  nerves)  are  the  terminal 
branches  of  both  pneumo-gastric  nerves.  The  nerve  of  the  left  side,  on 
arriving  in  front  of  the  oesophagus,  opposite  the  cardiac  orifice  of  the 
stomach,  divides  into  many  branches  :  the  largest  of  these  extend  over  the  fore 
part  of  the  stomach  ;  others  lie  along  its  small  curvature,  and  unite  with 
branches  of  the  right  nerve  and  the  sympathetic  ;  and  some  filaments  are 
continued  between  the  layers  of  the  small  omentum  to  the  hepatic  plexus. 
The  right  pneumo-gastric  nerve  descends  to  the  stomach  on  the  back  of  the 
gullet  and  distributes  branches  to  the  posterior  surface  of  the  organ  :  a  part 
of  this  nerve  is  continued  from  the  stomach  to  the  left  side  of  the  coeliac 
plexus,  and  to  the  splenic  plexus  of  the  sympathetic. 

Summary. — The  pneumo-gastric  nerves  supply  branches  to  the  upper  part 
of  the  alimentary  canal,  viz.,  the  pharynx,  oesophagus,  and  stomach  with 
the  liver  and  spleen  ;  and  to  the  respiratory  passages,  namely,  the  larynx, 
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Fig.  418. — View  op  the  Distribution  and  Connections  op  the  Pnettmo-gastrio  and 
Sympathetic  Nerves  on  the  Right  Side  (from  Hirschfeld  and  Leveille).  f 

a,  lachrymal  gland;  b,  sublingual  gland;  c,  submaxillary  gland  and  facial  artery; 
d,  thyroid  gland,  pulled  forwards  by  a  hook  ;  e,  trachea,  below  which  is  the  right 
bronchus  cut  across  ;  /,  the  gullet ;  g,  the  stomach,  divided  near  the  pylorus  ;  i,  trans- 
verse colon,  with  some  folds  of  intestine  below. 

A,  heart,  slightly  turned  aside  to  show  the  cardiac  plexus,  &c.  ;  B,  aortic  arch,  drawn 
forward  by  a  hook  ;  C,  innominate  artery  ;  D,  subclavian  artery,  of  which  a  portion  has 
been  removed  to  show  the  sympathetic  ganglia  ;  E,  inferior  thyroid  artery  ;  F,  a  divided 
part  of  the  external  carotid  artery,  upon  which  runs  a  nervous  plexus  ;  Gr,  internal 
carotid  emerging  from  its  canal  superiorly;  H,  thoracic  aorta;  K,  intercostal  vein;  L,  pul- 
monary trunk,  the  right  branch  cut ;  M,  superior  vena  cava  ;  0,  intercostal  artery. 

1,  ciliary  nerves  of  the  eyeball ;  2,  branch  of  the  oculo-motor  to  the  inferior  oblique 
muscle,  connected  with  the  ophthalmic  ganglion ;  3,  3,  3,  the  three  principal  divisions  of 
the  trifacial  nerve  ;  4,  ophthalmic  ganglion  ;  5,  spheno-palatine  ;  6,  otic;  7,  submaxillary ; 
8,  sublingual ;  9,  sixth  nerve  ;  10,  facial  in  its  canal,  uniting  with  the  spheno-palatine 
and  otic  ganglia;  11,  glosso-pharyngeal  ;  12,  right  pneumo-gastric ;  13,  left  pneumo- 
gastric  spreading  on  the  anterior  surface  of  the  stomach  ;  14,  spinal  accessory  ;  15,  hypo- 
glossal ;  16,  upper  nerve  of  the  cervical  plexus  ;  17,  middle  nerve  of  the  brachial 
plexus  ;  18,  intercostal  nerves ;  21,  superior  cervical  ganglion  of  the  sympathetic,  con- 
nected with,  22,  tympanic  nerve  of  Jacobson  ;  23,  carotid  branch  of  the  Vidian  nerve ; 
24,  cavernous  plexus;  25,  ophthalmic  twig;  26,  filament  to  the  pituitary  gland;  27, 
anion  with  the  upper  cervical  nerves  ;  28,  points  to  the  pneumo-gastric  nerve,  close  to 
the  pharyngeal  and  carotid  branches ;  29,  points  to  the  superior  laryngeal  nerve,  close 
to  the  pharyngeal  and  inter-carotid  plexuses  ;  30,  laryngeal  branch  joining  the  laryngeal 
plexus;  31,  great  sympathetic  nerve;  32,  superior  cardiac  nerve;  33,  middle  cervical 
ganglion  ;  34,  twig  connecting  the  ganglion  with,  35,  the  recurrent ;  36,  middle  cardiac 
nerve  ;  37,  great  sympathetic  nerve  ;  38,  inferior  cervical  ganglion  ;  below  37,  branches 
from  the  ganglion,  passing  round  the  subclavian  and  vertebral  arteries  ;  39,  the  line  from 
this  number  crosses  the  nerves  proceeding  from  the  brachial  plexus ;  40,  sympathetic 
twigs  surrounding  the  axillary  artery  ;  41,  branch  of  union  with  the  first  intercostal 
nerve  ;  the  line  from  the  letter  e,  pointing  to  the  trachea,  crosses  the  superior,  middle, 
and  inferior  cardiac  nerves  ;  42,  cardiac  plexus  and  ganglion  ;  43,  44,  right  and  left'coro- 
nary  plexuses ;  45,  46,  thoracic  portion  of  the  great  sympathetic  nerve  and  ganglia,  showing 
their  connections  with  the  intercostal  nerves  ;  47,  great  splanchnic  nerve ;  48,  semilunar 
ganglion;  49,  lesser  splanchnic;  50,  solar  plexus;  51,  union  with  the  pneumo-gastric 
nerve;  52,  diaphragmatic  plexus  and  ganglion;  53,  coronary  plexus ;  54,  hepatic;  55, 
splenic  ;  56,  superior  mesenteric  ;  57,  renal  plexus. 

trachea,  and  its  divisions  in  the  lungs.  These  nerves  give  branches  likewise 
to  the  heart  and  great  vessels  by  means  of  their  communication  with  the 
cardiac  plexus.  Each  pneumo-gastric  nerve  is  connected  with  the  following 
cranial  nerves — the  spinal-accessory,  glosso-pharyngeal,  facial,  and  hypo° 
glossal  ;  also,  with  some  spinal  nerves  ;  and  with  the  sympathetic  in  the 
neck,  thorax,  and  abdomen. 


SPINAL- ACCESSORY  NERVE. 

The  spinal  nerve  accessory  to  the  vagus,  or,  as  it  is  shortly  named,  the 
spinal-accessory  nerve,  consists  of  two  parts  :  one  (accessory)  joins  the 
trunk  of  the  pneumo-gastric  ;  the  other  (spinal)  ends  in  branches  to  the 
sterno-mastoid  and  trapezius  muscles. 

The  internal  or  accessory  part,  the  smaller  of  the  two,  joins  in  the  foramen 
of  exit  the  ganglion  on  the  root  of  the  pneumo-gastric,  by  two  or  three 
filaments  ;  and  having  passed  from  the  skull,  blends  with  the  trunk  of  the 
pneumo-gastric  beyond  its  second  ganglion,  as  already  said. 

™8,  tl't  V  Z  a  51-ament  U  given  from  the  spinal-accessory  to  the  pha- 
X*n  J  Z  ab°,Ve  thf  pkCf  °f  JrCti°a  with  t,le  Pneumo-gastric,  and  that  fibrils  of 
irTnorl  mia^  «^  ^  mt°  each  °f  «>*  muscular  oflteta  of  the  pneumo- 
gastric  nerve.    (Bendz,  "  Tract,  de  connexu  inter  nerv.  vag.  et  access.    1836  ") 

The  external  portion  of  the  nerve  communicates  with  the  accessory  part 
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in  the  foramen  jugulare.  After  issuing  from  the  foramen,  the  nerve  is  directed 
backwards  across  the  internal  jugular  vein,  in  some  cases  over,  iu  others  under 
it  and  perforates  the  sterno-mastoid  muscle,  supplying  this  with  branches 
and  joining  amongst  the  fleshy  fibres  with  branches  of  the  cervical  plexus. 
Descending  in  the  next  place  across  the  neck  behind  the  sterno-mastoid,  the 
nerve  passes  beneath  the  trapezius  muscle.  Here  it  forms  a  kind  of  plexus 
with  branches  of  the  third  and  fourth  cervical  nerves,  and  distributes  fila- 
ments to  the  trapezius,  which  extend  nearly  to  the  lower  edge  of  the  muscle. 

NINTH  PAIR  OF  NERVES. 

The  hypoglossal  or  ninth  cranial  nerve  is  the  motor  nerve  of  the  tongue 
and  in  part  of  some  muscles  of  the  neck. 

The  filaments  by  which  this  nerve  arises  from  the  medulla  oblongata  are 
collected  into  two  bundles,  which  converge  to  the  anterior  condyloid 
foramen  of  the  occipital  bone.  Each  bundle  of  filaments  perforates  the 
dura  mater  separately  within  the  foramen,  and  the  two  are  joined  after 
they  have  passed  through  it. 

After  leaving  the  cranium,  this  nerve  descends  almost  vertically  to  the 
lower  border  of  the  digastric  muscle,  where,  changing  its  course,  it  is 
directed  forwards  above  the  hyoid  bone  to  the  under  part  of  the  tongue. 
It  lies  at  first  very  deeply  with  the  vagus  nerve,  to  which  it  is  connected  ; 
but  passing  between  the  internal  carotid  artery  and  the  jugular  vein,  it 
curves  forward  round  the  occipital  artery,  and  then  crosses  over  the  external 
carotid  below  the  digastric  muscle.  Above  the  hyoid  bone  it  is  crossed  by 
the  lower  part  of  the  stylo-hyoid  muscle  and  posterior  belly  of  the  digastric, 
and  rests  on  the  hyo-glossus  muscle.  At  the  anterior  border  of  the  hyo- 
glossus  it  is  connected  with  the  gustatory  nerve,  and  is  continued  in  the 
fibres  of  the  genio-hyo-glossus  muscle  beneath  the  tongue  to  the  tip, 
distributing  branches  upwards  to  the  muscular  substance. 

The  principal  branches  of  this  nerve  are  distributed  to  the  muscles 
ascending  to  the  larynx  and  hyoid  bone,  and  to  those  of  the  tongue  ;  a  few 
serve  to  connect  it  with  some  of  the  neighbouring  nerves. 

In  animals  the  ninth  nerve  not  unfrequently  possesses  a  posterior  root  furnished 
with  a  ganglion,  in  the  same  manner  as  that  of  a  spinal  nerve. 

CONNECTING  BRANCHES. 

Connection  with  the pneumo-gastric—  Close  to  the  skull  the  hypoglossal  nerve  is 
connected  with  the  second  ganglion  of  the  pneumo-gastric  by  separate  filaments,  or 
in  some  instances  the  two  nerves  are  united  so  as  to  form  one  mass. 

Union  with  the  sympathetic  and  first  two  spinal  nerves. —  Opposite  the  first  cervical 
vertebra  the  nerve  communicates  by  several  twigs  with  the  upper  cervical  ganglion 
of  the  sympathetic,  and  with  the  loop  uniting  the  first  two  spinal  nerves  in  front  of 
the  atlas. 

MUSCULAR  AND  UNGUAL  BRANCHES. 

Descending  branch  of  the  ninth  nerve. — This  branch  (r.  descendens  noni), 
leaves  the  ninth  nerve  where  this  turns  round  the  occipital  artery,  or,  some- 
times, higher  up.  It  passes  downwards  on  the  surface  of  the  sheath  of 
the  carotid  vessels,  gradually  crossing  from  the  outer  to  the  inner  side, 
gives  a  branch  to  the  anterior  belly  of  the  omo-hyoid  muscle,  and  joins 
about  the  middle  of  the  neck  in  a  loop  with  one  or  two  branches  from 
the  second  and  third  cervical  nerves,  forming  the  ansa  hypoglossi.  The 
concavity  of  this  loop  is  turned  upwards  ;  and  the  connection  between 
the  nerves  is  effected  by  means  of  two  or  more  interlacing  filamonts,  which 


HYPOGLOSSAL  NERVE. 


627 


enclose  an  irregularly-shaped  space.  From  this  interlacement  of  the  nerves, 
filaments  are  continued  backwards  to  the  posterior  belly  of  the  omo-hyoid, 
aud  downwards  to  the  steruo-hyoid  and  sterno-thyroid  muscles.  Occasionally 
a  filament  is  continued  to  the  chest,  where  it  joins  the  cardiac  and  phrenic 
nerves. 

Fig  419. 


Fig.  419.— View  op  the  Distribution  op  the  Spinal-Accessory  and  Hypoglossal 
Nerves  (from  Sappey  after  Hirschfeld  and  Leveille).  £ 

1,  lingual  nerve  ;  2,  pneumo-gastric  nerve  ;  3,  superior  laryngeal  (represented  too  large)  • 
4,  external  laryngeal  branch  ;  5,  spinal-accessory  ;  6,  second  cervical ;  7,  third  •  8 
fourth  :  9,  origin  of  the  phrenic  nerve  ;  10,  origin  of  the  branch  to  the  subclavius  muscle' 
11,  anterior  thoracic  nerves ;  12,  hypoglossal  nerve  ;  13,  its  descending  branch  ;  14.  com- 
municating branch  from  the  cervical  nerves;  15,  16,  18,  19,  descending  branches  from 
iT  {J"'0"!,  f tllese  "™  to  the  sternohyoid,  sterno-thyroid,  and  omo-hyoid 
muse  es  ;  17,  branch  from  the  descendens  noni  to  the  upper  belly  of  the  omo-hyoid 
muscle ;  20,  branch  from  the  hypoglossal  nerve  to  the  thyro  hyoid  muscle  ;  21,  cZmmn 
^J^Z^tSSt^^  ^  22'  t-inal  distribution  of  The 

Jitl\7  tr^™  t0  ^  thf  desc?ndi"g  b™nch  of  the  ninth  nerve  within  the 
tt  t°  ™  g  Cer-V1Cal  VeSSCl8'  and  in  8Uch  ca8es  5t  i9  Placed  ^ther  over  or  under 
H3  ne7e  m  6  T 868  appCar8  t0  be  derived  eith*r  altogether  from  the 
™ ™ )'  °r  m*b°  h, the  P^uino-ga«tric  and  hypoglossal  nfrves.  There  is 
SL  frl  '^rr^  bcll,e;e.that  these  varieties  in  origin  are  only  apparent, 
arising  from  the  temporary  adhesum  of  the  filaments  of  this  branch  to  those  of  the 
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pneumogastnc.  It  is  probable,  moreover,  that  the  descendens  noni  has  little  if  any 
real  origin  from  the  hypoglossal  nerve :  Luschka  states  it  as  tbe  result  of  numerous 
researches  on  the  human  subject  that  the  descendens  noni  usually  contains  no  fila- 
ments from  the  hypoglossal,  but  is  a  branch  from  the  first  and  second  cervical  tem- 
porarily associated  with  the  ninth  nerve;  and  this  quite  agrees  with  the  circumstance 
that  in  the  domestic  animals  the  branches  supplied  to  those  muscles  to  which  the 
descendens  noni  of  the  human  subject  is  distributed  come  from  the  cervical  plexus. 

Branches  to  muscles  and  the  tongue.— The  branch  to  the  thyrohyoid 
muscle  is  a  separate  twig  given  off  from  the  hypoglossal  nerve  as  it 
approaches  the  hyoid  bone.  The  nerve  supplies  branches  to  the  stylo-hyoid, 
hyo-glossus,  genio-hyoid,  and  genio-hyo-glossus  muscles  as  it  becomes 
contiguous  to  each,  and  when  arrived  close  to  the  middle  of  the  tongue 
with  the  ranine  artery,  gives  off  several  long  slender  branches,  which  pass 
upwards  into  the  substance  of  the  organ.  Some  filaments  join  with  others 
proceeding  from  the  gustatory  nerve. 

A  branch  is  described  as  uniting  with  its  fellow  of  the  opposite  side,  in  the  sub- 
stance of  the  genio-hyoid  muscle  or  between  it  and  the  genio-glossus.  This  loop,  as 
also  the  ansa  hypoglossi,  is  recommended  by  Hyrtl  as  a  particularly  favourable 
example  for  the  observation  of  nerve  fibres  returning  to  the  nervous  centres  without 
distribution,  to  which  he  gives  the  name  of  "nerves  without  ends."  ("Nat.  Hist. 
Review,  Jan.  1862.")  That  in  the  ansa  hypoglossi  an  interchange  of  fibres  takes 
place,  so  that  a  filament  of  the  spinal  nerve  is  directed  upwards  along  the  branch  of 
the  hypoglossal,  and  vice  versd,  was  noticed  by  Cruveilhier. 

Summary. — The  hypoglossal  nerve  supplies,  either  alone  or  in  union 
with  branches  of  the  spinal  nerves,  all  the  muscles  connected  with  the 
os  hyoidea,  including  those  of  the  tongue,  with  the  exception  of  the  digastric 
and  stylo-hyoid,  the  mylo-hyoid  and  the  middle  constrictor  of  the  pharynx. 
It  also  supplies  the  sterno- thyroid  muscle. 

It  is  connected  with  the  following  nerves,  viz.,  pneumo-gastric,  gustatory, 
three  upper  cervical  nerves,  and  the  sympathetic. 


B.  SPINAL  NERVES. 

The  spinal  nerves  are  characterised  by  their  origin  from  the  spinal  cord, 
and  their  direct  transmission  outwards  from  the  spinal  canal  in  the  intervals 
between  the  vertebrae.  Taken  together  these  nerves  consist  of  thirty-one 
pairs  ;  and,  according  to  the  region  in  which  they  issue  from  the  spinal 
canal,  they  are  named  cervical,  dorsal,  lumbar,  sacral,  and  coccygeal. 

By  universal  usage  each  pair  of  nerves  in  the  dorsal,  lumbar,  and  sacral 
regions  is  named  in  correspondence  with  the  vertebra  beneath  which  it 
emerges.  There  are  thus  left  eight  pairs  of  nerves  between  the  cranium 
and  the  first  dorsal  nerve,  the  first  being  placed  above  the  atlas  and  the 
eighth  below  the  seventh  cervical  vertebra,  which  are  reckoned  by  the 
majority  of  writers  as  eight  cervical  nerves.  The  nerves  of  the  thirty-first 
pair  emerge  from  the  lower  end  of  the  sacral  canal,  below  the  first  vertebra 
of  the  coccyx,  and  are  named  cocc3Tgeal. 

Although  the  plan  of  counting  eight  cervical  nerves  is  continued  in  this  work  for 
the  sake  of  convenience,  it  being  that  which  is  most  frequently  followed,  it  is  by  no 
means  intended  to  represent  this  method  as  scientifically  correct.  The  plan  of 
Willis,  who  reckoned  the  suboccipital  as  a  cranial  nerve  had  at  least  the  advantage 
that  it  made  the  numbers  of  the  remaining  seven  cervical  nerves  correspond  each 
with  the  vertebra  beneath  which  it  emerged,  as  do  the  dorsal,  lumbar  and  sacral 
nerves ;  and  if  the  suboccipital  nerve,  while  recognised  as  the  first  spinal  nerve,  be 
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kept  distinct  from  the  seven  which  succeed, 
as  is  taught  in  some  schools,  a  nomenclature 
is  arrived  at  much  less  objectionable  than  that 
which  is  most  prevalent.  A  reference,  however, 
to  development  (p.  17)  will  remind  the  reader 
that  in  the  primordial  vertebrae  each  spinal 
nerve  is  originally  situated  above  the  rib  and 
transverse  process  belonging  to  the  same  seg- 
ment; and  it  will  become  apparent  that  the 
scientifically  accurate  nomenclature  of  nerves 
might  be  rather  to  name  each  in  accordance 
with  the  number  of  the  vertebra  below  it.  Thus 
the  eighth  cervical  nerve  would  be  called  first 
dorsal,  and  so  on. 

Fig.  420. — Diagrammatic  Outline  op  the  Roots 
and  First  Part  of  the  Spinal  Nerves, 
together  with  the  slmpathetio  cord  of 

ONE  SIDE.  .{ 

The  view  is  taken  from  before.  In  the  upper 
part  of  the  figure  the  pons  Varolii  and  medulla 
oblongata  are  represented,  and  from  V,  to  IX, 
the  roots  of  the  several  cranial  nerves  from  the 
trifacial  to  the  hypoglossal  are  indicated.  On 
the  left  side  CI,  is  placed  opposite  the  first  cer- 
vical or  suboccipital  nerve ;  and  the  numbers  2  to 
8  following  below  indicate  the  corresponding 
cervical  nerves ;  Br,  indicates  the  brachial  plexus ; 
Dl,  is  placed  opposite  the  intercostal  part  of  the 
first  dorsal  nerve,  and  the  numbers  2  to  12  follow- 
ing mark  the  corresponding  dorsal  nerves;  LI, 
the  first  lumbar  nerve,  and  the  numbers  2  to  5 
following  the  remaining  lumbar  nerves ;  Cr,  the 
anterior  crural,  and  o,  the  obturator  nerve  ;  SI, 
the  first  sacral,  and  the  following  numbers  2  to  5, 
the  remaining  sacral  nerves;  6,  the  coccygeal 
nerve ;  Sc,  the  great  sciatic  nerve ;  x  ,  x  ,  the 
filum  terminate  of  the  cord. 

On  the  right  side  of  the  figure  the  following 
letters  indicate  parts  of  the  sympathetic  nerves  ; 
viz.  a,  the  superior  cervical  ganglion,  com- 
municating with  the  upper  cervical  spinal  nerves 
and  continued  below  in  the  great  sympathetic 
cord  ;  b,  the  middle  cervical  ganglion  ;  c,  d,  the 
lower  cervical  ganglion  united  with  the  first 
dorsal ;  d',  the  eleventh  dorsal  ganglion  ;  from 
the  fifth  to  the  ninth  dorsal  ganglia  the  origins 
of  the  great  splanchnic  nerve  are  shown ;  I,  the 
lowest  dorsal  or  upper  lumbar  ganglion  ;  ss,  the 
upper  sacral  ganglion.  In  the  whole  extent  of  the 
sympathetic  cord,  the  twigs  of  union  with  the 
spinal  nerves  are  shown. 

Sometimes  an  additional  coccygeal  nerve 
exists.  Among  seven  cases  which  appear  to 
have  been  examined  with  great  care,  Professor 
Schlemm  ("  Observat.  Neurologicae,"  Berolini, 
1834)  found  two  coccygeal  nerves  on  each  side 
in  one  instance,  and  on  one  side  in  another 
case.  In  all  the  rest  there  was  only  a  single 
coccygeal  nerve  on  eaoh  side. 
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THE  ROOTS  OF  THE  SPINAL  NERVES. 

Each  spinal  nerve  springs  from  the  spinal  cord  by  two  roots  which 
approach  one  another,  and,  as  they  quit  the  spinal  canal,  join  in  the 
corresponding  intervertebral  foramen  into  a  single  cord  ;  and  eacb  cord  so 
formed  separates  immediately  into  two  divisions  one  of  which  is  destined 
for  parts  in  front  of  the  spine,  the  other  for  parts  behind  it. 

The  posterior  roots  of  the  nerves  are  distinguished  from  the  anterior  roots 
by  their  greater  size,  as  well  as  by  the  greater  thickness  of  the  fasciculi  of 
which  they  are  composed.  Each  spinal  nerve  is  furnished  with  a  ganglion  ; 
but  the  first  cervical  or  sub-occipital  nerve  is  in  some  cases  without  one. 
The  size  of  the  ganglia  is  in  proportion  to  that  of  the  nerves  on  which  they 
are  formed. 

The  ganglia  are  in  general  placed  in  the  intervertebral  foramina,  imme- 
diately beyond  the  points  at  which  the  roots  perforate  the  dura  mater  lining 
the  spinal  canal.  The  first  and  second  cervical  nerves,  however,  which 
leave  the  spinal  canal  over  the  laminae  of  the  vertebrae,  have  their  ganglia 
opposite  those  parts.  The  ganglia  of  the  sacral  nerves  are  contained  in  the 
spinal  canal,  that  of  the  last  nerve  being  occasionally  at  some  distance  from 
the  point  at  which  the  nerve  issues.  The  ganglion  of  the  coccygeal  nerve 
is  placed  within  the  canal  in  the  sac  of  dura  mater,  and  at  a  variable  dis- 
tance from  the  origin  of  the  nerve. 


Fig.  421.  Fig.      421. — Different 

Views  of  a  Portion  of 
the  Spinal  Cord  from 
the  Cervical  Region 
with  the  Roots  of 
the  Nerves.  Sliglitly 
enlarged. 

In  A,  the  anterior  sur- 
face of  the  specimen  is 
shown,  the  anterior  nerve- 
root  of  the  right  side 
being  divided  ;  in  B,  a 
view  of  the  right  side  is 
given  ;  in  C,  the  upper 
surface  is  shown  ;  in  D, 
the  nerve-roots  and  gan- 
glion are  shown  from 
below.  1,  the  anterior 
median  fissure ;  2,  pos- 
terior median  fissure ;  3, 
anterior  lateral  depres- 
sion, over  which  the  ante- 
rior nerve-roots  are  seen 
to  spread  ;  4,  posterior 
lateral  groove,  into  which 
the  posterior  roots  are 
seen  to  sink ;  5,  anterior 
roots  passing  the  ganglion  ; 
5',  in  A,  the  anterior  root 
divided  ;  6,  the  posterior  roots,  the  fibres  of  which  enter  the  ganglion,  6'  ;  7,  the  united 
or  compound  nerve  ;  7',  the  posterior  primary  branch  seen  in  A  and  D,  to  be  derived 
in  part  from  the  anterior  and  in  part  from  the  posterior  root. 

The  fibres  of  the  posterior  root  of  the  nerve  divide  into  two  bundles  as  they 
approach  the  ganglion,  and  the  inner  extremity  of  the  oval-shaped  ganglion 
is  sometimes  bilobate,  the  lobes  corresponding  to  the  two  bundles  of  fibres. 


SIZE  AND  STRUCTURE.  — MODE  OF  DIVISION.  Ml 

These  fibres  in  man  and  the  mammalia  appear  to  pass  through  the  ganglion  with- 
out union  with  its  cells.  The  cells  are  both  unipolar  and  bipolar,  but  the  fibres  con- 
nected with  them  all  pass  to  the  periphery  (Kolliker),  so  that  beyond  the  ganglion 
the  posterior  root  of  the  nerve  has  received  an  additional  set  of  fibres  besides  those 
which  it  contains  before  reaching  the  ganglion.  In  fishes,  on  the  contrary,  all  the 
fibres  of  the  posterior  root  are  connected  with  the  opposite  extremities  of  the  bipolar 
cells  of  the  ganglion. 

The  anterior  roots  of  the  spinal  nerves  are,  as  will  be  inferred  from  what 
has  been  already  stated,  the  smaller  of  the  two  ;  they  are  devoid  of 
ganglionic  enlargement,  and  their  fibres  are  collected  into  two  bundles  near 
the  intervertebral  ganglion,  as  in  the  posterior  root. 

Size. — The  roots  of  the  upper  cervical  nerves  are  smaller  than  those  of  the 
lower  nerves,  the  first  being  much  the  smallest.  The  posterior  roots  of 
these  nerves  exceed  the  anterior  in  size  more  than  in  the  other  spinal  nerves, 
and  they  are  likewise  composed  of  fasciculi  which  are  considerably  larger 
than  those  of  the  anterior  roots. 

The  roots  of  the  dorsal  nerves,  exception  being  made  of  the  first,  which 
resembles  the  lowest  cervical  nerves  and  is  associated  with  them  in  a  part  of 
its  distribution,  are  of  small  size,  and  vary  but  slightly,  or  not  at  all,  from 
the  second  to  the  last.  The  fasciculi  of  both  roots  are  thinly  strewed  over 
the  spinal  cord,  and  are  slender,  those  of  the  posterior  exceeding  in  thickness 
those  of  the  anterior  root  in  only  a  small  degree. 

The  roots  of  the  lower  lumbar,  and  of  the  upper  sacral  nerves,  are  the 
largest  of  all  the  spinal  nerves  ;  those  of  the  lowest  sacral  and  the  coccygeal 
nerve  are,  on  the  other  hand,  the  slenderest.  All  these  nerves  are  crowded 
together  round  the  lower  end  of  the  cord.  Of  these  nerves  the  anterior 
roots  are  the  smaller,  but  the  disproportion  between  the  anterior  and  pos- 
terior roots  is  not  so  great  as  in  the  cervical  nerves. 

Length  of  the  nerves  in  the  spinal  canal. — The  place  at  which  the  roots 
of  the  upper  cervical  nerves  are  connected  with  the  spinal  cord  being  nearly 
opposite  the  foramina  by  which  they  respectively  leave  the  canal,  these  roots 
are  comparatively  short.  But  the  distance  between  the  two  points  referred 
to  is  gradually  augmented  from  nerve  to  nerve  downwards,  so  that  the 
place  of  origin  of  the  lower  cervical  nerves  is  the  breadth  of  at  least  one 
vertebra,  and  that  of  the  lower  dorsal  nerves  about  the  breadth  of  two 
vertebra  above  the  foramina  by  which  they  respectively  emerge  from  the 
canal.  Moreover,  as  the  spinal  cord  extends  no  farther  than  the  first 
lumbar  vertebra,  the  length  of  the  roots  of  the  lumbar,  sacral,  and  coccygeal 
nerves  mcreases  rapidly  from  nerve  to  nerve,  and  in  each  case  may°be 
estimated  by  the  distance  of  the  foramen  of  exit  from  the  extremity  of  the 
cord.  Owing  to  their  length,  and  the  appearance  they  present  in  connection 
with  the  spinal  cord,  the  aggregation  of  the  roots  of  the  nerves  last  referred 
to  has  been  named  the  "cauda  equina." 

The  direction  the  roots  take  within  the  caual  requires  brief  notice  The 
first  cervical  nerve  is  directed  horizontally  outwards.  The  roots  of  the 
lower  cervical  and  dorsal  nerves  at  first  descend  over  the  spinal  cord  held 
in  contact  with  it  by  the  arachnoid,  till  they  arrive  opposite  the  several 
intervertebral  foramina,  where  they  are  directed  horizontally  outwards. 
The  nerves  of  the  cauda  equina  run  in  the  direction  of  the  spinal  canal. 
m  D^on  of  the  nerm.-The  two  roots  of  each  of  the  spinal  nerves  unite 
immediately  beyond  the  ganglion,  and  the  trunk  thus  formed  separates, 

as  already  mentioned,  into  two  division*  an  ot^-;™  „„  i  •        i  •  1! 

,  .       ,  uiviaums,  an  anterior  and  a  posterior,  which 

are  called  primary  branches  or  divisions. 

In  the  detailed  description  of  the  spinal  nerves  which  follow,,  we  shall 
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begin  with  their  posterior  primary  divisions,  calling  attention  first  to  certain 
characters  common  to  the  whole  of  them,  and  afterwards  stating  separately 
the  arrangement  peculiar  to  each  group  of  nerves  (cervical,  dorsal,  &c). 


POSTERIOR  PRIMARY  DIVISIONS 

OF  THE  SPINAL  NERVES. 

The  posterior  divisions  of  the  spinal  nerves  are,  with  few  exceptions, 
smaller  than  those  given  to  the  fore  part  of  the  body.  Springing  from  the 
trunk  which  restflts  from  the  union  of  the  roots  of  the  nerve  in  the  inter- 
vertebral foramen,  or  frequently  by  separate  fasciculi  from  each  of  the 
roots,  each  turns  backwards  at  once,  and  soon  divides  into  two  parts,  distin- 
guished as  external  and  internal,  distributed  to  the  muscles  and  the  integu- 
ment behind  the  spine.  The  first  cervical,  the  fourth  and  fifth  sacral  and 
the  coccygeal  nerve  are  the  only  nerves  the  posterior  divisions  of  which  do 
not  separate  into  external  and  internal  branches. 

The  Suboccipital  Nerve. — The  posterior  division  of  the  suboccipital 
nerve,  which  is  the  larger  of  the  two  primary  divisions,  emerging  over  the 
arch  of  the  atlas,  between  this  and  the  vertebral  artery,  enters  the  space 
bounded  by  the  larger  rectus  and  the  two  oblique  muscles,  and  divides 
into  branches  for  the  surrounding  muscles. 

a.  One  branch  descends  to  the  lower  oblique  muscle  and  gives  a  filament,  through 
or  over  the  fibres  of  that  muscle,  to  join  the  second  cervical  nerve. 

b.  Another  ascends  over  the  larger  rectus  muscle,  supplying  it  and  the  smaller 
rectus. 

c.  A  third  enters  the  upper  oblique  muscle. 

d.  A  fourth  sinks  into  the  complexus,  where  that  muscle  covers  the  nerve  and  its 
branches. 

A  cutaneous  branch  is  occasionally  given  to  the  back  of  the  head ;  it  accompanies 
the  occipital  artery,  and  is  connected  beneath  the  integument  with  the  great  and 
small  occipital  nerves. 

Fig.  422. — Superficial  and  Deep  Distribution  of  the  Posterior  Primary  Divisions 
of  the  Spinal  Nerves  (from  Hirschfeld  and  Leveille).  ^ 

On  the  left  side  the  cutaneous  branches  are  represented  as  lying  upon  the  superficial 
layer  of  muscles  ;  on  the  right  side,  the  superficial  muscles  having  been  removed,  the 
splenius  and  complexus  have  been  divided  in  the  neck,  and  the  erector  spinae  separated 
and  partially  removed  in  the  back,  so  as  to  expose  the  deep  issue  of  the  nerves. 

a,  a,  lesser  occipital  nerve  from  the  cervical  plexus  ;  1,  external  muscular  branches  of 
the  first  cervical  nerve  and  union  by  a  loop  with  the  second  ;  2,  placed  on  the  rectus 
capitis  posticus  major,  marks  the  great  occipital  nerve  passing  round  the  short  muscles 
and  piercing  the  complexus  :  the  external  branch  is  seen  to  the  outside  ;  2',  cranial  dis- 
tribution of  the  great  occipital ;  3,  external  branch  of  the  posterior  primary  division  of 
the  third  nerve  ;  3',  its  internal  branch,  or  third  occipital  nerve  ;  4',  5',  6',  7 ,  8 , 
internal  branches  of  the  several  corresponding  nerves  on  the  left  side  :  the  external 
branches  of  these  nerves  proceeding  to  muscles  are  displayed  on  the  right  side  ;  dl,  to 
d  6,  and  thence  to  dl2,  external  muscular  branches  of  the  posterior  primary  divisions  of 
the  twelve  dorsal  nerves  on  the  right  side  ;  d  V,  to  d  6',  the  internal  cutaneous  branches 
of  the  six  upper  dorsal  nerves  on  the  left  side  ;  d  7',  to  d  1 2',  cutaneous  branches  of  the 
six  lower  dorsal  nerves  from  the  external  branches ;  I,  I,  external  branches  of  the  pos- 
terior primary  branches  of  several  lumbar  nerves  on  the  right  side  piercing  the  muscles, 
the  lower  descending  over  the  gluteal  region  ;  I',  I',  the  same  more  superficially  on  the  left 
side  •  s  s,  on  the  right  side,  the  issue  and  union  by  loops  of  the  posterior  primary  divisions 
of  four  sacral  nerves  j  «',     some  of  these  distributed  to  the  skin  on  the  left  side. 
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Cervical  Nerves,  with  the  exception  of  the  suboccipital —The  external 
branches  give  only  muscular  offsets,  and  are  distributed  to  the  splenius  and 
the  slender  muscles  prolonged  to  the  neck  from  the  erector  spinre,  viz.,  the 
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cervicahs  ascendens,  and  the  transversalis  colli  with  the  trachelo-mastoid. 
I  hat  of  the  second  nerve  is  the  largest  of  the  series  of  external  branches, 
and  is  often  nnited  to  the  corresponding  branch  of  the  third  ;  it  supplies 
the  complexus  muscle  which  covers  it,  and  ends  in  the  splenius  and  trachelo- 
mastoid  muscles. 

The  internal  branches,  larger  than  the  external,  are  differently  disposed  at 
the  upper  and  the  lower  parts  of  the  neck.  That  of  the  second  cervical 
nerve  is  named,  from  its  size  and  destination,  the  great  occipital,  and 
requires  separate  notice.  The  rest  are  directed  inwards  to  the  spinous  pro- 
cesses of  the  vertebrae.  Those  derived  from  the  third,  fourth,  and  fifth 
nerves  pass  over  the  semispinalis  and  beneath  the  complexus  muscle,  and, 
having  reached  the  spines  of  the  vertebra},  turn  transversely  outwards  and 
are  distributed  in  the  integument  over  the  trapezius  muscle.  From  the 
cutaneous  branch  of  the  third  nerve  a  branch  passes  upwards  to  the  integu- 
ment on  the  lower  part  of  the  occiput,  lying  at  the  inner  side  of  the  great 
occipital  nerve,  and  is  sometimes  called  third  occipital  nerve. 

Between  the  inner  branches  of  the  first  three  cervical  nerves,  beneath  the  complexus, 
there  are  frequently  communicating  fasciculi ;  and  this  communication  Cruveilhier 
has  designated  as  "  the  posterior  cervical  plexus." 

The  internal  branches  from  the  lowest  three  cervical  nerves  are  placed 
beneath  the  semispinalis  muscle,  and  end  in  the  muscular  structure,  without 
furnishing  (except  occasionally  the  sixth)  any  offset  to  the  skin.  These 
three  nerves  are  the  smallest  of  the  series. 

The  great  occipital  nerve  is  directed  upwards  on  the  lower  oblique  muscle, 
and  is  transmitted  to  the  surface  through  the  complexus  and  trapezius 
muscles,  giving  twigs  to  the  complexus.  Ascending  with  the  occipital 
artery,  it  divides  into  branches,  which  radiate  over  the  occipital  part  of  the 
occipito-frontalis  muscle,  some  appearing  to  enter  the  muscle,  and  others 
joining  the  smaller  occipital  nerve. 

An  auricular  branch  is  sometimes  supplied  to  the  back  of  the  ear  by  the  great 
occipital  nerve. 

Dorsal  Nerves. — The  external  branches  increase  in  size  from  above 
downwards.  They  are  directed  through  or  beneath  the  longissimus  dorsi  to 
the  space  between  that  muscle  and  the  ilio-costalis  and  accessory ;  they  supply 
both  those  muscles,  together  with  the  small  muscles  continued  upwards  from 
the  erector  spinae  to  the  neck,  and  also  the  levatores  costarum.  The  lower 
five  or  six  nerves  give  cutaneous  twigs,  which  are  transmitted  to  the  integu- 
ment in  a  line  with  the  angles  of  the  ribs. 

The  internal  branches  of  the  upper  six  dorsal  nerves  appear  in  the  interval 
between  the  multifidus  spinae  and  the  semi-spinalis  dorsi ;  they  supply 
those  muscles,  and  become  cutaneous  by  the  side  of  the  spinous  processes  of 
the  vertebrae.  The  cutaneous  branch  from  the  second  nerve,  and  sometimes 
others,  reach  as  far  as  the  scapula.  The  internal  branches  of  the  lower  six 
dorsal  nerves  are  placed  between  the  multifidus  spinae  and  longissimus  dorsi, 
and  end  in  the  multifidus  without  giving  branches  to  the  integument. 
Where  cutaneous  nerves  are  supplied  by  the  internal  branches,  there  are 
none  from  the  external  branches  of  the  same  nerve,  and  vice  versa. 

Lumbar  Nerves. — The  external  branches  enter  the  erector  spinae,  and 
give  filaments  to  the  intertransverse  muscles.  From  the  upper  three, 
cutaneous  nerves  are  supplied ;  and  from  the  last,  a  fasciculus  descends  to 
the  corresponding  branch  of  the  first  sacral  nerve. — The  cutaneous  nerves 
given  from  the  external  branches  of  the  first  three  lumbar  nerves,  pierce  the 
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fleshy  part  of  the  ilio-costalis,  and  the  aponeurosis  of  the  latissimus  dorsi; 
they  cross  the  iliac  crest  near  the  edge  of  the  erector  spinse,  and  terminate 
in  the  integument  of  the  gluteal  region.  One  or  more  of  the  filaments  may 
be  traced  as  far  as  the  great  trochanter  of  the  femur. 

The  internal  branches  wind  backwards  in  grooves  close  to  the  articular 
processes  of  the  vertebrae,  and  sink  into  the  multifidus  spinse  muscle. 

Sacra i,  Nerves. — The  posterior  divisions  of  these  nerves,  except  the 
last,  issue  from  the  sacrum  through  its  posterior  foramina.  The  first  three 
are  covered  at  their  exit  from  the  bone  by  the  multifidus  spinse  muscle, 
and  bifurcate  like  the  posterior  trunks  of  the  other  spinal  nerves  ;  but 
the  remaining  two,  which  continue  below  that  muscle,  have  a  peculiar 
arrangement,  and  require  separate  examination. 

The  internal  branches  of  the  first  three  sacral  nerves  are  small,  and  are 
lost  in  the  multifidus  spinas  muscle. 

The  external  branches  of  the  same  nerves  are  united  with  one  another, 
and  with  the  last  lumbar  and  fourth  sacral  nerves,  so  as  to  form  a  series  of 
anastomotic  loops  on  the  upper  part  of  the  sacrum.  These  branches  are 
then  directed  outwards  to  the  cutaneous  or  posterior  surface  of  the  great 
sacro-sciatic  ligament,  where,  covered  by  the  gluteus  maximus  muscle,  they 
form  a  second  series  of  loops,  and  end  in  cutaneous  nerves.  These  pierce  the 
great  gluteus  muscle  in  the  direction  of  a  line  from  the  posterior  iliac  spine 
to  the  tip  of  the  coccyx.  They  are  commonly  three  in  number — one  is 
near  the  innominate  bone,  another  opposite  the  extremity  of  the  sacrum, 
and  the  third  about  midway  between  the  other  two.  All  are  directed  out- 
wards over  the  great  gluteal  muscle. 

In  six  dissections  by  Ellis  this  arrangement  was  found  to  be  the  most  frequent. 
The  variations  to  which  it  is  liable  are  these  : — the  first  nerve  may  not  take  part  in 
the  second  series  of  loops,  and  the  fourth  may  be  associated  with  them. 

The  posterior  divisions  of  the  last  two  sacral  nerves  are  smaller  than  those 
above  them,  and  are  not  divided  into  external  and  internal  branches.  They 
are  connected  with  each  other  by  a  loop  on  the  back  of  the  sacrum,  and  the 
lowest  is  joined  in  a  similar  manner  with  the  coccygeal  nerve  ;  one  or  two 
small  filaments  from  these  sacral  nerves  are  distributed  behind  the  coccyx. 

Coccygeal  Nerve. — The  posterior  division  of  the  coccygeal  nerve  is  very 
small,  and  separates  from  the  anterior  primary  portion  of  the  nerve  in  the 
sacral  canal.  It  is  joined  by  a  communicating  filament  from  the  last  sacral 
nerve,  and  ends  in  the  fibrous  structure  covering  the  posterior  surface  of  the 
coccyx . 


ANTERIOR  PRIMARY  DIVISIONS 

OF  THE  SPINAL  NERVES. 

The  anterior  primary  divisions  of  the  spinal  nerves  are  distributed  to  the 
parts  of  the  body  situated  in  front  of  the  vertebral  column,  including  the 
limbs.  They  are,  for  the  most  part,  considerably  larger  than  the  posterior 
divisions. 

The  anterior  division  of  each  Bpinal  nerve  is  connected  by  one  or  two 
slender  filaments  with  the  sympathetic.  Those  of  the  cervical,  lumbar,  and 
sacral  nerves  form  plexuses  of  various  forms  ;  but  those  of  the  dorsal  nerves 
remain  for  the  most  part  separate  one  from  another. 
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CERVICAL  NERVES. 

Plexus  anThri°vr  divisi0nSf°i  th' f°Ur  Upper  Cervical  nerves  form  cervical 
Plexus     They  appear  at  the  side  of  the  neck  between  the  scalenus  medius 
and  rectus  anticus  major  muscles.    They  are  each  connected  by  a  commu- 
nicating filament  with  the  first  cervical  ganglion  of  the  sympathetic  nerve 
or  with  the  cord  connecting  that  ganglion  with  the  second 

The  anterior  divisions  of  the  four  lower  cervical  nerves,  larger  than  those 

1  fTwVPT  betWGen  *he  SCaleDi  muscles>  and>  together  with 
that  of  the  first  dorsal,  go  to  form  the  brachial  plexus.    They  are  each 

connected  by  a  filament  with  one  of  the  two  lower  cervical  ganglia  of  the 

sympathetic,  or  with  the  plexus  on  the  vertebral  artery 

The  anterior  divisions  of  the  first  and  second  nerVes  require  a  notice 

separately  from  the  description  of  the  nerves  of  the  cervical  plexus. 

SUBOCCIPITAL  NEBVE. 

The  anterior  primary  division  of  the  first  nerve  runs  forwards  in  a  groove 
on  the  atlas,  and  bends  downwards  in  front  of  the  transverse  process  of  that 
vertebra  to  join  the  second  nerve.  In  this  course  forwards  it  lies  beneath 
the  vertebral  artery,  and  at  the  inner  side  of  the  rectus  lateralis  muscle  to 
which  it  gives  a  branch.  As  it  crosses  the  foramen  in  the  transverse  process 
ot  the  atlas,  the  nerve  is  joined  by  a  filament  from  the  sympathetic  •  and 
from  the  arch,  or  loop  of  the  atlas,  which  it  makes  in  front  of  the  transverse 
process,  branches  are  supplied  to  the  two  anterior  recti  muscles  Short 
filaments  connect  this  part  of  the  nerve  with  the  pneumo-gastric,  the  hypo- 
glossal, and  the  sympathetic  nerves. 

Valentin  notices  filaments  distributed  to  the  articulation  of  the  occipital  bone  with 
the  atlas,  and  to  the  mastoid  process  of  the  temporal  bone. 

SECOND  CEEVICAL  MEBVE. 

The  anterior  division  of  the  second  cervical  nerve,  beginning  between  the 
arches  of  the  first  two  vertebrae,  is  directed  forwards  between  their  trans- 
verse processes,  being  placed  outside  the  vertebral  artery,  and  beneath  the 
intertransverse  and  other  muscles  fixed  to  those  processes.  In  front  of  the 
intertransverse  muscles  the  nerve  divides  into  an  ascending  part,  which 
^oins  the  first  cervical  nerve,  and  a  descending  part  to  the  third. 


CERVICAL  PLEXUS. 

The  cervical  plexus  is  formed  by  the  anterior  divisions  of  the  first  four 
cervical  nerves,  and  distributes  branches  to  some  of  the  muscles  of  the  neck 
and  to  a  portion  of  the  integument  of  the  head  and  neck.  It  is  placed 
opposite  the  first  four  vertebrae,  beneath  the  sterno-mastoid  muscle,  and  rests 
agamst  the  middle  scalenus  muscle  and  the  levator  anguli  scapulae.  The 
disposition  of  the  nerves  in  the  plexus  is  easily  recognised.  Each  nerve, 
except  the  first,  branches  into  an  ascending  and  a  descending  part  :  and 
these  are  united  m  communicating  loops  with  the  contiguous  nerves.  From 
the  union  of  the  second  and  third  nerves,  superficial  branches  are  supplied 
to  the  head  and  neck  ;  and  from  the  junction  of  the  third  with  the  fourth, 
arise  the  cutaneous  nerves  of  the  shoulder  and  chest.  Muscular  and  com- 
municating branches  spring  from  the  same  nerves. 

The  branches  of  the  plexus  may  be  separated  into  two  sets— a  superficial 


THE  CERVICAL  PLEXUS. 


637 


and  deep  ;  the  superficial  consisting  of  those  which  ramify  over  the  cervical 
fascia,  supplying  the  integument  and  some  also  the  platysma  ;  the  deep 
comprising  branches  which  are  distributed  for  the  most  part  to  the  muscles. 
The  superficial  nerves  may  be  subdivided  into  ascending  and  descending  ; 
the  deep  nerves  into  an  internal  and  external  series. 


Fig.  423. 


Fig.  423.  —  Diagrammatic 
Outline  of  the  first 
parts  of  the  cervical 
and  Upper  Dorsal 
Nerves,  showing  the 
Cervical  and  Brachial 
Plexuses.  J 

The  nerves  are  separated 
from  the  spinal  cord  at 
their  origin  and  are  sup- 
posed to  be  viewed  from 
before.    CI,  is  placed  op- 
posite the  roots  of  the  first 
cervical     or  suboccipital 
nerve,  and  the  roman  num- 
bers in  succession  from  II, 
to  VIII,  opposite  the  roots 
of  the  corresponding  cer- 
vical nerves  ;  D 1,  is  placed 
opposite  to  the  roots  of  the 
first  dorsal  nerve,  and  II, 
and  III,  opposite  the  second 
and  third  nerves ;  the  origin 
of  the  posterior  primary 
branch  is  shown  in  all  the 
nerves ;  of  these  p  2,  indi- 
cates the  great  occipital 
from  the  second,  and  p3, 
the  smallest  occipital  nerve 
from  the  third.     In  con- 
nection with  the  cervical 
plexus  the  following  indica- 
tions are  given  ;  1,  anterior 
primary    branch    of  the 
first  cervical  nerve  and  loop 
of  union  with  the  second 
nerve;  2,  lesser  occipital 
nerve  proceeding  in  this 
case  from  the  second  cervi- 
cal nerve,  more  frequently 
from  the  second  and  third  ; 
3,   great  auricular  nerve 
from  the  second  and  third  ; 

3',  superficial  cervical  nerve  from  the  third  ;  Zn,  communicating  branches  to  the  descen- 
ded nom  from  the  second  and  third  ;  3  s,  communicating  to  the  spinal-accessory  from  the 
second,  third,  and  fourth ;  4,  supraclavicular  and  supraacromial  descending  nerves  • 
the  loops  or  arches  of  communication  between  the  four  upper  cervical  nerves,  and  between 
the  fourth  and  fifth  are  shown ;  4',  the  phrenic  nerve  springing  from  the  fourth  and  fifth 
nerves.  In  connection  with  the  nerves  of  the  brachial  plexus  and  the  remaining  nerves 
the  following  indications  are  g.ven-V,  to  VIII',  and  D',  the  five  roots  of  the  brachial 
plexus  5,  the  rhomboid  nerve  ;  5',  suprascapular  ;  5",  posterior  thoracic  ;  6,  nerve  to  the 
subclavins  muscle;  7,  /,  inner  and  outer  anterior  thoracic  nerves  ;  8,  8',  8",  upper  and 
ower  subscapular  nerves.  In  the  larger  nerves  proceeding  to  the  shoulder  and  arm  from 
the  plexus  those  of  the  anterior  division  are  represented  of  a  lighter  shade,  those  belonging 
to  the  posterior  division  darker ;  ec,  external  cutaneous  or  musculocutaneous  ;  m,  median  ; 
u,  ulnar,  ic,  internal  cutaneous;  nerve  of  Wrisberg ;  r,  musculo- spiral ;  c,  circum- 
flex; i,  intercostal  nerves;  i,  lateral  branch  of  the  same;  ih,  intercosto-humeral  nerves. 
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I.  Superficial  Ascending  Branches. 

SUPERFICIAL  CERVICAL  NERVE. 

This  nerve  takes  origin  from  the  second  and  third  cervical  nerves,  turns 
forward  over  the  sterno -mastoid  about  the  middle,  and,  after  perforating  the 
cervical  fascia,  divides  beneath  the  platysma  myoides  into  two  branches, 
which  are  distributed  to  the  anterior  and  lateral  parts  of  the  neck. 

a.  The  upper  branch  gives  an  ascending  twig  which  accompanies  the  external  jugular 
vein,  and  communicates  freely  with  the  facial  nerve  (cervico-faeial  division) ;  it  is  then 
transmitted  through  the  platysma  to  the  surface,  supplying  that  muscle,  and  ramifies 
in  the  integument  of  the  upper  half  of  the  neck  on  the  fore  part,  filaments  reaching  as 
high  as  the  lower  maxilla. 

b.  The  lower  branch  likewise  pierces  the  platysma,  and  is  distributed  below  the 
preceding,  its  filaments  extending  in  front  as  low  as  the  sternum. 

The  superficial  cervical  nerve  may  arise  from  the  plexus  in  the  form  of  two  or  more 
distinct  branches.  Thus  Valentin  describes  three  superficial  cervical  nerves,  which  he 
name3  superior,  middle,  and  inferior.    ("  Sommerring  v.  Bau,"  &c.) 

While  the  superficial  cervical  nerve  ramifies  over  the  platysma  myoide3,  the  facial 
nerve  is  beneath  the  muscle.  According  to  Valentin  many  anastomotic  arches  are 
formed  on  the  side  of  the  neck  between  those  two  nerves,  as  well  as  between  the 
branches  of  the  former,  one  with  another. 

GREAT  AURICULAR  NERVE. 

This  nerve  winds  round  the  outer  border  of  the  sterno-mastoid,  and  is 
directed  obliquely  upwards  beneath  the  platysma  myoides,  between  the 
muscle  and  the  deep  fascia  of  the  neck,  to  the  lobe  of  the  ear.  Here  the 
nerve  gives  a  few  small  branches  to  the  face,  and  ends  in  the  auricular 
and  mastoid  branches. 

a.  The  auricular  branches  are  directed  to  the  back  of  the  external  ear,  on  which 
they  ramify,  and  are  connected  with  twigs  derived  from  the  facial  nerve.  One 
of  these  branches  reaches  the  outer  surface  of  the  ear  by  a  fissure  between  the 
antihelix  and  the  concha.  A  few  filaments  are  supplied  likewise  to  the  outer  part  of 
the  lobule. 

b.  The  mastoid  branch  is  united  to  the  posterior  auricular  branch  of  the  facial 
nerve,  and  ascends  over  the  mastoid  process  to  the  integument  behind  the  ear. 

c.  The  facial  branches  of  the  great  auricular  nerve,  which  extend  to  the  integu- 
ments of  the  face,  are  distributed  over  the  parotid  gland.  Some  slender  filaments 
penetrate  deeply  through  the  substance  of  the  gland,  and  communicate  with  the  facial 
nerve. 

SMALL  OCCIPITAL  NERVE. 

The  smaller  occipital  nerve  varies  in  size,  and  is  sometimes  double.  It 
springs  from  the  second  cervical  nerve,  and  is  directed  almost  vertically  to 
the  head  along  the  posterior  border  of  the  sterno-mastoid  muscle.  Having 
perforated  the  deep  fascia  near  the  cranium,  the  small  occipital  nerve  is 
continued  upwards  between  the  ear  and  the  great  occipital  nerve,  and  ends 
in  cutaneous  filaments  which  extend  upwards  in  the  scalp  ;  it  communicates 
with  branches  from  the  larger  occipital  nerve,  as  well  as  with  the  posterior 
auricular  branch  of  the  facial.  It  appears  to  supply  sometimes  the  occipito- 
frontalis  muscle. 

The  auricular  branch  (ram.  auricularis  superior  posterior)  is  distributed  to  the 
upper  part  of  the  ear  on  the  posterior  aspect,  and  to  the  elevator  muscle  of  the  auricle. 
This  auricular  branch  is  an  offset  from  the  great  occipital  nerve,  when  the  small 
occipital  is  of  less  size  than  usual. 


SUPRACLAVICULAR  NERVES. 
II.  Superficial  Descending.  Branches. 

SUPRACLAVICULAR  NERVES. 

The  descending  series  of  the  superficial  nerves  are  thus  named. 

Fig.  424. 


Fig.  424. — View  of  the  Superficial  Distribution  of  the  Nerves  proceeding  from 
the  Cervical  Plexus  (from  Sappey  after  Hirschfeld  and  LeveiHe").  J 

1,  superficial  cervical  nerve  ;  2,  2,  descending  branches  of  the  same  ;  3,  ascending 
branches ;  4,  twigs  uniting  with  the  facial ;  5,  great  auricular  nerve  ;  6,  its  parotid 
branch  ;  7,  its  external  auricular  branch  ;  8,  twig  of  the  same  which  pierces  the  auricle 
to  pass  to  its  outer  surface  ;  9,  branch  to  the  deep  surface  of  the  pinna  ;  10,  its  union 
with  the  posterior  auricular  of  the  facial  nerve  ;  11,  small  occipital  nerve;  12,  its  branch 
which  unites  with  the  great  occipital  nerve  ;  13,  a  mastoid  branch  or  second  small  occipital ; 
14,  twigs  from  this  to  the  back  of  the  neck;  15,  16,  supraclavicular  nerves;  17,  18, 
supraacromial  nerves  ;  19,  branch  of  the  cervical  nerves  passing  into  the  trapezius  muscle; 
20,  spinal  accessory  distributed  to  the  same  and  receiving  a  uniting  branch  from  the  cervical 
nerves  ;  21,  branch  to  the  levator  scapuli ;  22,  trunk  of  the  facial  nerve  ;  23,  its  posterior 
auricular  branch  passing  into  the  occipital  and  posterior  and  superior  auricular  muscles  ; 
24,  its  cervico-facial  branches. 
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are  two  of  these  nerves,  or,  in  some  cases,  a  greater  number.  They  arise 
from  the  third  and  fourth  cervical  nerves,  and  descend  in  the  interval 
between  the  stern o-mastoid  and  the  trapezius  muscles.  As  they  approach 
tne  clavicle,  the  nerves  are  augmented  to  three  or  more  in  number,  and  are 
recognised  as  internal,  middle,  and  posterior. 

a.  The  intwnal  (sternal)  branch,  which  is  much  smaller  than  the  rest,  ramifies  over 
the  inner  half  of  the  clavicle,  and  terminates  near  the  sternum 

6.  The  middle  branch,  lying  opposite  the  interval  between  the  pectoral  and  deltoid 
muscles,  distributes  some  twigs  over  the  fore  part  of  the  deltoid,  and  others  over 
the  pectoral  muscle.  The  latter  join  the  small  cutaneous  branches  of  the  intercostal 
nerves. 

c.  The  external  or  posterior  branch  (acromial)  is  directed  outwards  over  the  acro- 
mion, and  the  clavicular  attachment  of  the  trapezius  muscle,  and  ends  in  the  integu- 
ment of  the  outer  and  back  part  of  the  shoulder. 


III.  Deep  Branches  :  Inner  Series. 

CONNECTING  BRANCHES. 

The  cervical  plexus  is  connected  near  the  base  of  the  skull  with  the 
trunks  of  the  pneumo-gastric,  hypoglossal,  and  sympathetic  nerves,  by 
means  of  filaments  intervening  between  those  nerves  and  the  loop  formed 
by  the  first  two  cervical  nerves  in  front  of  the  atlas  (p.  637). 

MUSCULAR  BRANCHES. 

Branches  to  the  anterior  recti  muscles  proceed  from  the  cervical  nerves 
close  to  the  vertebrae,  including  the  loop  between  the  first  two  of  these 
nerves. 

Two  branches  to  the  ansa  hypoglossi,  one  from  the  second,  the  other  from 
the  third  cervical  nerve,  descend  over  or  under  the  internal  jugular  vein,  to 
form  a  loop  of  communication  with  the  ramus  descendens  noni,  and  aid  in 
the  supply  of  the  muscles  below  the  hyoid  bone  (p.  626). 

PHRENIC  NERVE. 

The  diaphragmatic  or  phrenic  nerve  passes  down  through  the  lower  part 
of  the  neck  and  the  thorax  to  its  destination. 

It  commences  from  the  fourth  cervical  nerve,  and  receives  usually  a  fasci- 
culus from  the  fifth.  As  it  descends  in  the  neck,  the  nerve  is  inclined 
inwards  over  the  anterior  scalenus  muscle  ;  and  near  the  chest  it  is  joined 
by  a  filament  of  the  sympathetic,  and  sometimes  also  by  another  filament 
derived  from  the  fifth  and  sixth  cervical  nerves. 

As  it  enters  the  thorax  each  phrenic  nerve  is  placed  between  the  sub- 
clavian artery  and  vein,  and  crosses  over  the  internal  mammary  artery  near 
the  root.  It  then  takes  nearly  a  straight  direction,  in  front  of  the  root  of 
the  luDg  on  each  side,  and  along  the  side  of  the  pericardium, — between 
this  and  the  mediastinal  part  of  the  pleura.  Near  the  diaphragm  it  divides 
into  branches,  which  separately  penetrate  the  fibres  of  that  muscle,  and  then 
diverging  from  each  other,  are  distributed  on  the  under  surface. 

The  right  nerve  is  placed  more  deeply  than  the  left,  and  is  at  first  directed 
along  the  outer  side  of  the  right  innominate  vein,  and  the  descending  vena 
cava. 
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Tho  nerve  of  the  left  side  is  a  little  longer  than  that  of  the  right,  in  conse- 
quence of  the  oblique  position  of  the  pericardium  round  which  it  winds, 
and  also  because  of  the  diaphragm  being  lower  on  this  than  on  the  opposite 
side.  This  nerve  crosses  in  front  of  the  arch  of  the  aorta  and  the  pul- 
monary artery  before  reaching  the  pericardium. 

Besides  the  terminal  brandies  supplied  to  the  diaphragm,  each  phrenic  nerve  gives 
filaments  to  the  pleura  and  pericardium  ;  and  receives  sometimes  an  offset  from  the 
union  of  the  descendens  noni  with  the  cervical  nerves.  Swan  notices  this  union  as 
occurring  only  on  the  left  side.  Luschka  describes  twigs  from  the  lower  part  of  the 
nerve  to  the  peritoneum,  the  inferior  cava,  and  the  right  auricle  of  the  heart. 

One  or  two  filaments  of  the  nerve  of  the  right  side  join  in  a  small  ganglion  with 
branches  to  the  diaphragm  which  are  derived  from  the  solar  plexus  of  the  sympa- 
thetic ;  and  from  the  ganglion  twigs  are  given  to  the  suprarenal  capsule,  the  hepatic 
plexus,  and  the  lower  vena  cava.  On  the  left  side  there  is  a  junction  between  the 
phrenic  and  the  sympathetic  nerves  near  the  oesophageal  and  aortic  openings  in  the 
diaphragm,  but  without  the  appearance  of  a  ganglion. 


IV.  Deep  Branches  :  External  Series. 

Muscular  branches. — The  sterno-mastoid  receives  a  branch  from  the 
second  cervical  nerve.  Two  branches  proceed  from  the  third  nerve  to  the 
levator  anguli  scapulae  ;  and  from  the  third  and  fourth  cervical  nerves,  as 
they  leave  the  spinal  canal,  branches  are  given  to  the  middle  scalenus 
muscle.  Further,  the  trapezius  has  branches  prolonged  to  it  ;  and  thus, 
like  the  sterno-mastoid,  this  muscle  receives  nerves  from  both  the  spinal 
accessory  and  the  cervical  plexus. 

Connection  with  the  spinal  accessory  nerve. — In  the  substance  of  the  sterno- 
mastoid  muscle,  this  nerve  is  connected  with  the  branches  of  the  cervical 
plexus  furnished  to  that  muscle.  It  is  also  connected  with  the  branches 
distributed  to  the  trapezius — the  union  between  the  nerves  being  beneath 
the  muscle,  and  having  the  appearance  of  a  plexus  ;  and  with  another 
branch  of  the  cervical  plexus  in  the  interval  between  the  two  muscles. 

Summary  of  the  cervical  plexus. — From  the  cervical  plexus  are  distributed 
cutaneous  nerves  to  the  back  of  the  head,  to  part  of  the  ear  and  face,  to  the 
anterior  half  of 'the  neck,  and  to  the  upper  part  of  the  trunk.  The  muscles 
supplied  with  nerves  from  the  plexus  are  the  sterno-mastoid,  the  platysma, 
and  the  lower  hyoid  muscles  in  part  ;  the  anterior  recti,  the  levator  anguli 
scapulee,  the  trapezius,  the  scalenus  medius,  aud  the  diaphragm.  By  means 
of  its  branches  the  plexus  communicates  with  the  pneumo-gastric,  spinal 
accessory,  hypoglossal,  and  sympathetic  nerves. 


BRACHIAL  PLEXUS. 

This  large  plexus,  from  which  the  nerves  of  the  upper  limb  are  supplied 
is  formed  by  the  union  of  the  anterior  trunks  of  the  four  lower  cervical  and 
first  dorsal  nerves  ;  and  it  further  receives  a  fasciculus  from  the  lowest  of 
the  nerves  (fourth),  which  goes  to  form  the  cervical  plexus.  The  plexus 
extends  from  the  lower  part  of  the  neck  to  the  axillary  space,  and  termi- 
nates opposite  the  coracoid  process  of  the  scapula  in  large  nerves  for  the 
supply  of  the  limb. 

The  manner  in  which  the  nerves  are  disposed  in  the  plexus  is  liable  to 
some  variatLon  but  the  following  may  be  regarded  as  the  arrangement  most 
frequently  met  with.  The  fifth  and  sixth  cervical  are  joined  It  the  outer 
border  of  the  scalenus,  and  a  little  farther  out  receive  tho  seventh  nerve, 
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—the  three  nerves  giving  rise  to  one  large  upper  cord.  The  eighth  cervical 
and  first  dorsal  nerves  are  united  in  another  lower  cord  whilst  they  are 


Fig.  425. — Deep  DisiKOTioN  op  the  Axilla,  showing  the  Brachial  Plexus  and 
neighbouring  Nerves  (from  Sappey  after  Hirschfeld  and  Leveill6).  \ 

The  clavicle  has  been  sawn  through  near  its  sternal  end,  and  is  turned  aside  with  the 
muscles  attached  to  it ;  the  subclavius,  and  the  greater  and  lesser  pectoral  muscles  hare 
been  removed  from  the  front  of  the  axilla.  1,  loop  of  union  between  the  descendens  noni 
and  a  branch  of  the  cervical  plexus  ;  2,  pneumo-gastric ;  3,  phrenic  passing  down  to  the 
inner  side  of  the  scalenus  anticus  muscle  ;  4,  anterior  primary  division  of  the  fifth  cervical 
nerve  ;  5,  the  same  of  the  sixth  ;  6,  7,  the  same  of  the  seventh  and  eighth  cervical  nerves  : 
8,  the  same  of  the  first  dorsal  nerve ;  9,  9,  branch  from  the  plexus  to  the  subclavius 
muscle,  communicating  with  the  phrenic  nerve;  10,  posterior  thoracic  nerve  distributed 
to  the  serratus  magnus  ;  11,  upper  anterior  thoracic  nerve  passing  into  the  great  pectoral 
muscle  ;  13,  lower  anterior  thoracic  distributed  to  the  lesser  pectoral ;  14,  twig  of  com- 
munication between  these  two  nerves  ;  12,  suprascapular  nerve  passing  through  the  supra- 
scapular notch  ;  15,  lower  of  the  two  subscapular  nerves  ;  16,  nerve  of  the  teres  major  ; 
17,  long  subscapular,  or  nerve  of  the  latissimus  dorsi  ;  18,  accessory  of  the  internal 
cutaneous  nerve;  19,  union  of  the  accessory  cutaneous  with  the  second  and  third  inter- 
costal nerves  ;  20,  lateral  branch  of  the  second  intercostal  ;  21,  second  internal  cutaneous 
or  nerve  of  Wrisberg  ;  22,  internal  cutaneous  nerve  ;  23,  the  ulnar  nerve  to  the  inside  of 
the  axillary  artery,  passing  behind  the  vein,  and  having,  in  this  case,  a  union  with  the 
upper  division  of  the  plexus  ;  24,  the  median  nerve  immediately  below  the  place  where  its 
two  roots  embrace  the  artery,  which  is  divided  above  this  place ;  25,  the  musculocutaneous 
nerve  passing  into  the  coraco-brachialis  muscle  ;  26,  the  musculo-spiral  nerve  passing 
behind  the  divided  brachial  artery. 
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between  the  scaleni  muscles.  The  two  cords  thus  formed  lie  side  by  side 
iu  the  fore  part  of  the  plexus,  and  external  to  the  fir.-,t  part  of  the  axillary 
vessels.  At  the  same  place,  or  lower  down,  a  third,  iuter mediate,  or  posterior 
cord  is  produced  by  the  union  of  fasciculi  from  each  of  the  other  two  cords, 
or  separately  from  the  nerves  forming  them.  The  three  cords  of  which  the 
plexus  now  consists,  are  placed,  one  on  the  outer  side  of  the  axillary  artery, 
one  on  the  inner  side,  and  one  behind  that  vessel,  and  are  continued  into 
the  principal  nerves  for  the  arm. 

The  two  fasciculi  which  unite  to  form  the  intermediate  of  the  three 
trunks  are  generally  separated  at  a  higher  level  than  the  formation  of  the 
two  other  trunks,  but  they  are  also  frequently  given  off  as  low  as  the  clavicle, 
or  even  farther  down  ;  this  gives  rise  to  some  varieties,  more  apparent  than 
real.    The  seventh  nerve  also  may  give  a  branch  to  the  cord  below  it. 

The  branches  proceeding  from  the  plexus  are  numerous,  aud  may  be 
conveniently  divided  into  two  classes — viz.,  those  that  arise  above  the 
clavicle,  and  those  that  take  origin  below  the  bone. 

BRANCHES  ABOVE  THE  CLAVICLE. 

Above  the  clavicle  there  arise  from  the  trunks  of  the  brachial  plexus,  the 
posterior  thoracic  and  suprascapular  nerves,  a  nerve  for  the  rhomboid 
muscles,  another  for  the  subclavius,  irregular  branches  for  the  scaleni  and 
longus  colli,  and  a  branch  to  join  the  phrenic  nerve. 

The  branches  for  the  scaleni  and  longus  colli  muscles  spring  in  an  irregular  manner 
from  the  lower  cervical  nerves  close  to  their  place  of  emergence  from  the  vertebral 
foramina. 

The  branch  for  the  rhomboid  muscles  arises  from  the  fifth  nerve,  and  is  directed 
backwards  to  the  base  of  the  scapula  through  the  fibres  of  the  middle  scalenus,  and 
beneath  the  levator  anguli  scupulte.  It  is  distributed  to  the  deep  surface  of  the 
rhomboid  muscles,  and  gives  sometimes  a  branch  to  the  levator  scapulce. 


Fig.  426. — Distribution  of 
the  Suprascapular  and 
Circumflex  Nerves  (from 
Hirschfeld  and  Leveille).  J 


Fig.  426. 


a,  the  scalenus  medius  and 
posticus  muscles ;  b,  levator 
anguli  scapulae  ;  c,  acromion  ; 
d,  deltoid  muscle,  of  which 
the  back  part  has  been  de- 
tached from  the  scapula  and 
in  part  removed  ;  e,  rhomboid 
muscle ;  /,  teres  major ;  g,  la- 
tissimus  dorsi;  1,  the  brachial 
plexus  of  nerves  as  seen  from 
behind ;  1',  the  nerve  of  the 
levator  scapulae  and  rhomboid 
muscles ;  2,  placed  on  the 
clavicle,  marks  the  supra- 
scapular nerve  ;  3,  its  branch 
to  the  supraspinatus  muscle ; 

4,  branch  to  the  infraspinatus ; 

5,  placed  on  the  back  of  the 
humerus  below  the  insertion 

of  the  teres  minor  marks  the  circumflex  nerve  passing  out  of  the  quadraugular  interval ; 

6,  its  branch  to  the  teres  minor  muscle  ;  7,  branches  to  the  deep  surface  of  the  deltoid  ; 
8,  cutaneous  branch  to  the  back  of  the  shoulder. 
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The  nerve  of  the  mbclavius  muscle,  of  small  size,  arises  from  the  front  of  the  cord 
which  results  from  the  union  of  the  fifth  and  sixth  cervical  nerves.  It  is  directed 
over  the  outer  part  of  the  subclavian  artery  to  the  deep  surface  of  the  subclavius 
muscle  Ihis  small  nerve  is  commonly  connected  with  the  phrenic  nerve  in  the  neck 
or  in  the  chest,  by  means  of  a  slender  filament. 

Branch  to  join  the  phrenic  nerve.-This  small  and  short  branch  is  an  offset  from 
the  fifth  cervical  nerve;  it  joins  the  phrenic  nerve  on  the  anterior  scalenus  muscle. 

POSTERIOR  THORACTO  NERVE. 

The  posterior  thoracic  nerve  (nerve  of  the  serratus  magnus,  external 
respiratory  of  Bell)  is  formed  in  the  substance  of  the  middle  scalenus  muscle 
by  two  roots,  one  from  the  fifth  and  another  from  the  sixth  nerve,  and  reaches 
the  surface  of  the  scalenus  lower  than  the  nerve  of  the  rhomboid  muscles, 
with  which  it  is  often  connected.  It  descends  behind  the  brachial  plexus 
on  the  outer  surface  of  the  serratus  magnus,  nearly  to  the  lower  border  of 
that  muscle,  supplying  it  with  numerous  branches. 


SUPRASCAPULAR  NERVE. 

The  suprascapular  nerve  arises  from  the  back  of  the  cord  formed  by  the 
union  of  the  fifth  and  sixth  nerves,  and  bends  beneath  the  trapezius  to  the 
upper  border  of  the  scapula,  where  it  passes  between  the  muscles  and  the 
bone.  Entering  the  supraspinous  fossa  of  the  scapula,  through  the  supra- 
scapular notch  (beneath  the  ligament  which  crosses  the  notch),  the  supra- 
scapular nerve  supplies  two  branches  to  the  supraspinatus,  one  near  the 
upper,  the  other  near  the  lower  part  of  the  muscle  ;  and  it  then  descends 
through  the  great  scapular  notch  into  the  lower  fossa,  where  it  ends  in  the 
infraspinatus  muscle. 

In  the  upper  fossa  of  the  scapula,  a  slender  articular  filament  is  given  to  the 
shoulder-joint,  and  in  the  lower  fossa  other  twigs  of  the  nerve  enter  the  same  joint 
and  the  substance  of  the  scapula. 


BRANCHES  BELOW  THE  CLAVICLE. 

Origin  of  nerves  from  the  plexus. — The  several  nerves  now  to  be  described 
are  derived  from  the  three  great  cords  of  the  plexus  in  the  following  order. 

From  the  upper  or  outer  cord, — the  external  of  the  two  anterior  thoracic 
nerves,  the  musculo-cutaneous,  and  the  outer  root  of  the  median. 

From  the  lower  or  inner  cord, — the  inner  of  the  two  anterior  thoracic,  the 
nerve  of  Wrisberg,  the  internal  cutaneous,  the  ulnar,  and  the  inner  root  of 
the  median. 

From  the  posterior  cord, — the  subscapular  nerves,  the  circumflex,  and 
the  musculo-spiral. 

Tlie  nerves  traced  to  the  spinal  nerves. — If  the  fasciculi  of  which  the  principal 
nerves  are  composed  be  followed  through  the  plexus,  they  may  be  traced  to  those  of 
the  spinal  nerves  which  in  the  subjoined  table  are  named  along  with  each  trunk. 
The  higher  numbers  refer  to  the  cervical  nerves,  the  unit  to  the  dorsal  nerve  : — • 


Subscapular  from       .       . ") 
Circumflex  .     >  5.6.7.8. 

Musculo-spiral    .       .        . ) 
External  cutaneous .        .  5.6.7. 
Median      ....  5.6.7.8.1. 


Ulnar  ....    8.1.  or  7.8.1. 

Internal  cutaneous     .      )  g  j 

Small  internal  cutaneous  ) 

■   ,    .  .       )  outer  5.6.7. 

Anterior  thoracic     >  .  „„„„■, 
)  inner  8.1. 


The  outline  in  Fig.  423,  taken  from  a  dissection,  represents  one  of  the  most 
common  arrangements. 


ANTERIOR  THORACIC.-SUBSCAPULAR  NERVES. 
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Some  differences  will  be  found  in  ihe  statements  of  anatomists  who  have 
investigated  the  subject— for  instance,  Scarpa  ("  Annotationes  Anatom.")  and  Kronen- 
berg  ("  Plex.  nervor.  Structura  et  Virtutes") — with  respect  to  the  nerves  to  which 
the  branches  are  assigned.  This  difference  is  mainly  owing  to  the  variation  which 
actually  exists  in  different  cases. 

ANTERIOR  THORACIC  NERVES. 

The  anterior  thoracic  nerves,  two  in  number,  supply  the  pectoral 
muscles. 

The  external,  or  more  superficial  branch,  arising  from  the  outer  cord, 
crosses  inwards  over  the  axillary  artery,  and  terminates  in  the  great  pectoral 
muscle. 

The  internal,  or  deeper  branch,  springing  from  the  inner  cord,  comes 
forwards  between  the  axillary  artery  and  vein  to  the  small  pectoral  muscle, 
and  is  joined  by  a  branch  from  the  external.  This  nerve  presents  a  plexi- 
form  division  beneath  the  small  pectoral  muscle,  and  supplies  branches  to 
it  and  the  larger  pectoral  muscle.  The  two  nerves  are  connected  by  a  fila- 
ment which  forms  a  loop  over  the  artery  at  the  inner  side. 


SUBSCAPULAR  NERVES. 

These  nerves,  three  in  number,  take  origin  from 
the  posterior  cord  of  the  plexus. 

The  tipper  nerve,  the  smallest  of  the  sub- 
scapular nerves,  penetrates  the  upper  part  of  the 
subscapular  muscle.  The  lower  nerve  gives  a 
branch  to  the  subscapularis  at  its  axillary  border, 
and  ends  in  the  teres  major  muscle.  There  is 
sometimes  a  distinct  nerve  for  the  last-named 
muscle. 

The  long  subscapular  nerve,  the  largest  of  the 
three,  runs  along  the  lower  border  of  the  sub- 
scapular muscle  to  the  latissimus  dorsi,  to  which 
it  is  distributed. 

Fig.  427.— Distribution  of  the  Posterior  Cutaneous 
Nerves  of  the  Shoulder  and  Arm  (from  Hirschfeld 
and  Leveilte).  J 

1,  supra-acromial  branches  of  the  cervical  nerves  de- 
scending on  the  deltoid  muscle  ;  2,  ascending  or  reflected 
and  2',  descending  cutaneous  branches  of  the  circumflex 
nerve  ;  3,  inferior  external  cutaneous  of  the  musculo-spiral 
nerve  ;  4,  external  and  posterior  cutaneous  branches  of  the 
musculo-cutaneous  nerve  to  the  forearm ;  5,  internal 
cutaneous  of  the  musculo-spiral;  6,  intercosto-humeral 
branches  ;  7,  twigs  of  the  nerve  of  Wrisberg ;  8,  upper 
posterior  branch  of  the  internal  cutaneous  nerve  ■  9  lower 
branch  of  the  same.  '  ' 

CIRCUMFLEX  NERVE. 

The  circumflex  or  axillary  nerve  gives  both 
muscular  and  cutaneous  nerves  to  the  shoulder 
Springing  from  the  posterior  cord,  this  nerve  is  at 
first  placed  behind  the  axillary  artery,  but  at  the 

wLn^  °fHthe  8fSC&^V  muscle  "  »  inclined  backwards  with  the 
posterior  circumflex  artery,  in  the  space  between  the  scapula  and  teres 
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major  muscle  above  the  long  head  of  the  triceps,  and  separates  into  an 
upper  and  a  lower  branch,  which  are  distributed  to  the  deltoid  and  teres 
minor  muscles,  the  integument  of  the  shoulder,  and  the  shoulder  joint. 

a.  The  upper  portion  winds  round  the  upper  part  of  the  humerus,  extending  to  the 
anterior  border  of  the  deltoid  muscle,  to  which  it  is  distributed.  One  or  two 
cutaneous  filaments,  penetrating  between  the  muscular  fibres,  are  bent  downwards, 
and  supply  the  integument  over  the  lower  part  of  the  muscle. 

b.  The  lower  branch  supplies  offsets  to  the  back  part  of  the  deltoid,  and  furnishes 
the  nerve  to  the  teres  minor,  which  is  remarkable  in  presenting  a  gangliform  enlarge- 
ment. It  then  turns  round  the  posterior  border  of  the  deltoid  below  the  middle,  and 
ramifies  in  the  integument  over  the  lower  two-thirds  of  that  muscle,  one  branch 
extending  to  the  integument  over  the  long  head  of  the  triceps  muscle. 

c.  An  articular  filament  for  the  shoulder-joint  arises  near  the  commencement  of 
the  nerve,  and  enters  the  capsular  ligament  below  the  subscapular  muscle. 


INTERNAL  CUTANEOUS  NERVE. 

At  its  origin  from  the  inner  cord  of  the  brachial  plexus,  this  nerve  is 
placed  on  the  inner  side  of  the  axillary  artery.  It  becomes  cutaneous  about 
the  middle  of  the  arm,  and  after  perforating  the  fascia,  or,  in  some  cases, 
before  doing  so,  is  divided  into  two  parts ;  one  destined  for  the  anterior, 
the  other  for  the  posterior  surface  of  the  forearm. 

a.  The  anterior  branch  crosses  at  the  bend  of  the  elbow  behind  (in  some  cases 
over)  the  median  basilic  vein,  and  distributes  filaments  in  front  of  the  forearm,  as 
far  as  the  wrist ;  one  of  these  is,  in  some  instances,  joined  with  a  cutaneous  branch 
of  the  ulnar  nerve. 

b.  The  posterior  branch  inclines  obliquely  downwards  at  the  inner  side  of  the  basilic 
vein,  and  winding  to  the  back  of  the  forearm,  over  the  prominence  of  the  internal 
condyle  of  the  humerus,  extends  somewhat  below  the  middle  of  the  forearm.  Above 
the  elbow  this  branch  is  connected  with  the  smaller  internal  cutaneous  nerve  (nerve 
of  Wrisberg),  and  afterwards  communicates  with  the  outer  portion  of  the  internal 
cutaneous,  and,  according  to  Swan,  with  the  dorsal  branch  of  the  ulnar  nerve. 

c.  A  branch  to  the  integument  of  the  arm  pierces  the  fascia  near  the  axilla,  and 
reaches  to,  or  nearly  to  the  elbow,  distributing  filaments  outwards  over  the  biceps 
muscle.    This  branch  is  often  connected  with  the  intercosto-humeral  nerve. 


SMALL  INTERNAL  CUTANEOUS  NERVE. 

The  smaller  internal  cutaneous  nerve,  or  nerve  of  Wrisberg,  destined  for 
the  supply  of  the  integument  of  the  lower  half  of  the  upper  arm  on  the 
inner  and  posterior  aspect,  commonly  arises  from  the  inner  cord  of  the 
brachial  plexus  in  union  with  the  larger  internal  cutaneous  and  ulnar 
nerves.  In  the  axilla  it  lies  close  to  the  axillary  vein,  but  it  soon  appears 
on  the  inner  side  of  that  vessel,  and  communicates  with  the  intercosto- 
humeral  nerve.  It  then  descends  along  the  inner  side  of  the  brachial 
vessels  to  about  the  middle  of  the  arm,  where  it  pierces  the  fascia,  and  its 
filaments  are  thence  continued  to  the  interval  between  the  internal  condyle 
of  the  humerus  and  the  olecranon. 

Branches. —In  the  lower  third  of  the  arm,  branches  of  this  small  nerve  are  directed 
almost  horizontally  to  the  integument  on  the  posterior  aspect ;  and  the  nerve  ends 
at  the  elbow  by  dividing  into  several  filaments,  some  of  which  are  directed  forwards 
over  the  inner  condyle  of  the  humerus,  while  others  are  prolonged  downwards 
behind  the  olecranon. 

Connection  with  the  intercosto-humeral  nerve.— This  connection  presents  much 
variety  in  different  cases  : — in  some,  there  are  two  or  more  intercommunications,  form- 
ing a  kind  of  plexus  on  the  posterior  boundary  of  the  axillary  space ;  in  others,  the 
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intercosto-humeral  nerve  is  of  larger  size  than  usual,  and  takes  the  place  of  the  nerve 
of  Wrisberg,  only  receiving  in  the  axilla  a  small  filament  from  the  brachial  plexus, 


Fig.  428. 


Fig.  429. 


1  i. 


Fig.  428.-Anterior  Cutaneous  Neuvks  of  the  Suouldkr  and  Arm  (from  Sappey  after 

Hirschfeld  and  Leveilld).  "aPP«7  arter 

1,  1,  supraclavicular  and  supraacromial  nerves  from  the  cervical  plexus  -299 
cutaneous  branches  of  the  circumflex  nerve;  3,  4,  upper  branches  of  the  internal  r'J' 
neous  nerve;  5,  superior  external  cutaneous  branch  of  the  musculoVnira •  fi 'til 
cutaneous  nerve  piercing  the  deep  fascia  ;  7,  posterior  branch    5  7      '•   i .lnternal 

the  median  cephalic  vein ;  12,  ^^^^S^Z^^^  ™ 

Fig.  429—Anterioe  Cutaneous  Nert.es  of  the  Forearm  and  Hand  (from  S*n 

after  Hirschfeld  and  Leveille).    «  (  °m  SaPPey 

9,  10,  13,  distribution  of  the  anterior  branches  of  thP  !nfa™.i  * 
union  of  one  of  these  with  a  twig  of  the  ulna  nerve  12  S  CUta°eoua  ™™  I  U, 
the  musculo-spiral  nerve;  11,  15,  distribution  oTtV/jV  i"""  ?utaneous  branch  of 
union  of  one  of  its  branches  with  17 th toliiu  f™/  ?utane°««  nerve;  16, 
palmar  cutaneous  branch  of  the  median  nerve  -  IB  9n  Th  °f  *be  radial  nerve  '  18' 
branches  to  the  thumb  from  the  median  nP,4»  , .  ©i  m;ern!l}  and  external  collateral 
finger;  22,  23,  collateral  branches  to  the  indlx '  i  '  «*ternal  collateral  *°  the  index 
collateral  branches  from  the  ulnar  nerve  to  the fourth ttffn  ^  &ngerB  '  U'  25' 
communicating  twigs  formed  by  the  terminal  brancW  «f  «  ? "Ser3  ''  the  netvvork  of 
sented  at  the  extremities  of  the  fingers.        orancties  ot  these  cutaneous  nerves  is  repre- 
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and  this  small  communicating  filament  represents  in  such  cases  the  nerve  of 
Wrisberg. 

MUSCULO-CUTANEOUS  NERVE. 

The  musculocutaneous  or  external  cutaneous  nerve  (perforans  Casserii)  is 
deeply  placed  between  the  muscles  as  far  as  the  elbow,  and  below  that  point 
is  immediately  under  the  integument.  Arising  from  the  brachial  plexus 
opposite  the  small  pectoral  muscle,  it  perforates  the  coraco-bracbialis  muscle, 
and,  passing  obliquely  across  the  arm  between  the  biceps  and  brachialis 
anticua  muscles,  reaches  the  outer  side  of  the  biceps  a  little  above  the 
elbow.  Here  it  perforates  the  fascia,  and  nearly  opposite  the  elbow-joint  it 
passes  behind  the  median-cephalic  vein,  and,  inclining  outwards,  divides 
into  two  branches  which  supply  the  integument  on  the  outer  side  of  the 
forearm,  one  on  the  anterior,  the  other  on  the  posterior  aspect. 

A.  Branches  in  the  arm  : — 

a.  A  branch  to  the  coraco-brachialis  and  short  head  of  the  biceps  is  given  off  before 
the  nerve  pierces  the  former  muscle ;  and  other  filaments  are  furnished  to  the  coraco- 
brachialis,  while  the  nerve  lies  among  its  fibres. 

b.  Branches  to  the  biceps  and  brachialis  anticus  are  given  off  while  the  nerve  is 
between  those  muscles. 

c.  Small  filaments  are  given  to  the  humerus  and  elbow  joint. 

B.  Branches  in  the  forearm : — 

a.  The  anterior  branch  descends  near  the  radial  border  of  the  forearm.  It  is 
placed  in  front  of  the  radial  artery  near  the  wrist,  and  distributes  some  filaments 
over  the  ball  of  the  thumb.  Piercing  the  fascia,  it  accompanies  the  artery  to  the 
back  part  of  the  carpus.  This  part  of  the  nerve  is  connected  at  the  wrist  with  a 
branch  of  the  radial  nerve. 

b.  The  posterior  branch  is  directed  outwards  to  the  back  of  the  forearm,  and 
ramifies  in  the  integument  of  the  lower  third,  extending  as  far  as  the  wrist.  It  com- 
municates with  a  branch  of  the  radial  nerve,  and  with  the  external  cutaneous  branch 
of  the  musculo  spiral  nerve. 

Summary. — The  musculo-cutaneous  nerve  supplies  the  coraco-brachialis, 
biceps  and  brachialis  anticus  muscles,  and  the  integument  on  the  outer 
side  of  the  forearm.  Communications  are  established  between  it  and  the 
radial  and  the  external  cutaneous  branch  of  the  musculo-spiral. 

Varieties. — In  some  cases  it  does  not  perforate  the  coraco-brachialis 
muscle.  It  is  frequently  found  to  communicate  by  a  cross  branch  with  or  to 
be  an  offset  of  the  median  nerve  ;  and  in  the  latter  case,  the  coraco-brachialis 
muscle  receives  a  separate  branch  from  the  brachial  plexus,  which  may  be 
explained  thus, — that  the  main  part  of  the  musculo-cutaneous  nerve,  instead 
of  piercing  the  coraco-brachialis  muscle,  remains  adherent  to  the  outer  root 
and  trunk  of  the  median. 

ULNAR  NEKVE. 

The  ulnar  nerve,  the  largest  branch  of  the  inner  cord  of  the  brachial 
plexus,  descends  on  the  inner  side  of  the  artery  of  the  limb  as  far  as  the 
middle  of  the  arm,  then  turns  backwards  through  the  internal  intermuscular 
septum  with  the  inferior  profunda  artery,  to  reach  the  interval  between  the 
olecranon  and  the  inner  condyle  of  the  humerus.  From  the  axilla  to  this 
place  it  is  covered  only  by  the  fascia,  and  it  may  be  felt  through  the  integu- 
ment a  little  above  the  elbow.  It  here  passes  between  the  two  heads  of 
the  flexor  carpi  ulnaris,  and  it  remains  concealed  by  that  muscle  as  far  as  the 
middle  of  the  forearm  ;  it  thence  extends  in  a  straight  course  along  the 
outer  margin  of  the  muscle,  between  it  and  the  ulnar  artery,  to  the  outer 
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side  of  the  pisiform  bone.    Above  the  wrist  it  gives  off  a  large  dorsal  branch 
to  the  hand,  and  continuing  onwards  it  enters  the  palm  on  the  surface  of 
the  annular  ligament,  and  divides  into  muscular  and  cutaneous  branches. 
The  ulnar  nerve  gives  off  no  branches  in  the  upper  arm. 

A.  Branches  in  the  forearm  : — 

a.  Articular  filaments  are  given  to  the  elbow  joint  as  the  nerve  passes  behind  it. 
Some  filaments  are  also  given  to  the  wrist  joint. 

b.  Muscular  branches. — One  branch  enters  the  upper  part  of  the  flexor  carpi 
ulnaris,  and  another  supplies  the  two  inner  divisions  of  the  deep  flexor  of  the  fingers.* 

c.  Cutaneous  branches  to  the  forearm. — These  two  small  nerves  arise  about  the 
middle  of  the  forearm  by  a  common  trunk.  One  pierces  the  fascia,  and  turning 
downwards,  joins  a  branch  of  the  internal  cutaneous  nerve.  This  branch  is  often 
absent.  The  second,  a  palmar  branch,  lies  on  the  ulnar  artery,  which  it  accompanies 
to  the  hand.  This  little  nerve  gives  filaments  around  the  vessel,  and  ramifies  in  the 
integument  of  the  hand,  joining  in  some  cases  with  other  cutaneous  offsets  of  the 
ulnar  or  median  nerve. 

d.  Dorsal  branch  to  the  hand. — This  large  offset,  leaving  the  trunk  of  the  ulnar 
nerve  two  or  three  inches  above  the  wrist,  winds  backwards  beneath  the  flexor  carpi 
ulnaris,  and  divides  into  branches ;  one  of  these  ramifies  on  the  inner  side  of  the 
little  finger,  another  divides  to  supply  the  contiguous  sides  of  that  finger  and  the 
ring  finger,  while  a  third  joins  on  the  back  of  the  metacarpus  with  the  branch  of  the 
radial  nerve  which  supplies  the  contiguous  sides  of  the  ring  and  middle  finger.  The 
several  posterior  digital  nerves,  now  described,  are  united  with  twigs  directed  back- 
wards from  the  anterior  digital  nerves  of  the  same  fingers. 

B.  Palmar  branches  : — 

a.  The  deep  branch  separates  from  the  trunk  beyond  the  annular  ligament,  and 
dipping  down  through  the  muscles  of  the  little  finger  in  company  with  the  deep 
branch  of  the  ulnar  artery,  it  follows  the  course  of  the  deep  palmar  arch  across  the 
band.  It  supplies  the  short  muscles  of  the  little  finger  as  it  pierces  them  •  and  as  it 
lies  across  the  metacarpal  bones,  it  distributes  two  branches  to  each  interosseous 
space— one  for  the  palmar,  the  other  for  the  dorsal  interosseous  muscle,  and  supplies 
filaments  to  the  two  innermost  lumbricales  muscles.  Opposite  the  space  between  the 
thumb  and  the  index  finger  the  nerve  ends  in  branches  to  the  adductor  pollicis,  and 
the  inner  head  of  the  flexor  brevis  pollicis. 

b.  The  remaining  part  of  the  nerve  supplies  a  branch  to  the  palmaris  brevis  muscle 
and  small  twigs  to  the  integument,  and  divides  into  two  digital  branches. 

Digital  nerves.— One  of  these  belongs  to  the  ulnar  side  of  the  little  finger.  The 
other  is  connected  in  the  palm  of  the  hand  with  a  digital  branch  of  the  median  nerve, 
and  at  the  cleft  between  the  little  and  ring  fingers,  divides  into  the  collateral  nerves 
for  these  fingers.  The  terminal  disposition  of  the  digital  branches  on  the  fingers  is 
the  same  as  that  of  the  median  nerve,  to  be  presently  described. 

Summary.—  The  ulnar  nerve  gives  cutaneous  filaments  to  the  lower  part 
of  the  forearm  (to  a  small  extent),  and  to  the  hand  on  its  palmar  and 
dorsal  aspects.  It  supplies  the  folio  whig  muscles,  viz.,  the  ulnar  flexor  of 
the  carpus,  the  deep  flexor  of  the  fingers  (its  inner  half),  the  short  muscles 
of  the  Utile  finger  with  the  palmaris  brevis,  the  interosseous  muscles  of  the 
hand,  the  two  internal  lumbricales,  the  adductor  poUicis  and  the  inner 
half  of  the  flexor  brevis  polUcis.  Lastly,  it  contributes  to  the  nervous 
supply  of  the  elbow  and  wrist  joints. 

MEDIAN  NERVE. 

The  median  nerve  arises  by  two  roots,  one  from  the  outer,  the  other  from 
the  inner  cord  of  the  brachial  plexus.    Commencing  by  the  union  of  these 

fl.vn^nHW8!166.11  reCOr/Td  iD  wb,i^TtheJllnar  °erve  supplied  also  two  branches  to  the 
flexor  subhmis  digitorum  (Turner,  "Nat.  Hist.  Review,"  1864). 

u  u 
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Fig.  430. — Deep  View  op  the  Anterior  Nerves  op  the  Shoulder  and  Arm  (from 
Sappey  after  Hirschfeld  and  Leveille).  £ 

1,  museulo-cutaneons  nerve  ;  2,  its  twig  to  the  coraco-brachialis  muscle  ;  3,  its  branch 
to  the  biceps  ;  4,  its  branch  to  the  brachialis  anticus  ;  5,  twig  of  union  with  the  median 
nerve  (a  variety) ;  6,  continuation  of  the  nerve  in  its  cutaneous  distribution  ;  7,  musculo- 
spiral  nerve  in  the  interval  between  the  brachialis  anticus  and  supinator  longus  ;  8,  inferior 
external  cutaneous  branch  of  the  musculo-spiral ;  9,  the  internal  cutaneous  and  small 
internal  cutaneous  nerves  divided  ;  10,  anterior  branch  of  the  internal  cutaneous  ;  11, 
median  nerve  ;  to  the  inside  the  ulnar  nerve  is  crossed  by  the  line  from  11. 

Fig.  431. — Deep  View  op  the  Anterior  Nerves  of  the  Forearm  and  Hand  (from 
Sappey  after  Hirschfeld  and  Leveille).  i 

12,  the  median  nerve  ;  13,  its  branches  to  the  pronator  teres  ;  14,  branch  to  the  super- 
ficial flexor  muscles,  which  have  been  removed  ;  15,  branch  to  the  flexor  digitorum  pro- 
fundus; 16,  branch  to  the  flexor  longus  pollicis  ;  17,  anterior  interosseous  branch  ;  18, 
cutaneous  palmar  branch  cut  short;  19,  branches  to  the  short  muscles  of  the  thumb  ; 
20,  21,  collateral  branches  to  the  thumb  ;  22,  23,  24,  collateral  branches  to  the  second, 
third,  and  fourth  fingers  ;  25,  branch  given  by  the  ulnar  nerve  to  the  flexor  carpi  ulnaris ; 
26,  branch  to  the  flexor  digitorum  profundus  ;  27,  cutaneous  communicating  twig  ;  28, 
dorsal  branch  of  the  ulnar  ;  29,  superficial  palmar  branch  ;  30,  31,  collateral  branches 
to  the  fourth  and  fifth  fingers  ;  32,  deep  palmar  branch  ;  33,  its  branch  to  the  short 
muscles  of  the  little  finger  ;  34,  35,  36,  twigs  given  by  the  deep  branch  of  the  ulnar  to 
the  third  and  fourth  lumbricales,  all  the  interossei,  and  the  adductor  pollicis. 
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roots  in  front  or  on  the  outer  side  of  the  axillary  artery,  the  nerve  descends 
in  contact  with  the  brachial  artery,  gradually  passing  inwards  over  it, 
and  near  the  elbow  is  at  the  inner  side  of  the  vessel.  Crossing  the  bend  of 
the  arm  it  passes  beneath  the  pronator  radii  teres,  separated  by  the  deep  slip 
of  that  muscle  from  the  ulnar  artery,  and  continues  straight  down  the  front 
of  the  forearm,  between  the  flexor  sublimis  digitorum  and  flexor  profundus. 
Arrived  near  the  wrist  it  lies  beneath  the  fascia,  between  the  tendons  of  the 
flexor  sublimis  and  that  of  the  flexor  carpi  radialis.  It  then  enters  the 
palm  behind  the  annular  ligament,  and  rests  on  the  flexor  tendons.  Some- 
what enlarged,  and  of  a  slightly  reddish  colour,  it  here  separates  into  two 
parts  of  nearly  equal  size.  One  of  these  (the  external)  supplies  some 
of  the  short  muscles  of  the  thumb,  and  gives  digital  branches  to  the  thumb 
and  the  index  finger  ;  the  second  portion  supplies  the  middle  finger,  and 
in  part  the  index  and  ring  fingers. 

The  median  nerve  gives  no  branch  to  the  upper  arm. 

A.  Branches  in  the  forearm  :— 

In  the  forearm  the  median  nerve  supplies  muscular  branches,  and,  near 
the  wrist,  a  single  cutaneous  filament.  All  the  muscles  on  the  front  of  the 
forearm  (pronators  and  flexors),  except  the  flexor  carpi  ulnaris  and  part  of 
the  deep  flexor  of  the  fingers,  are  supplied  from  this  nerve. 

a.  The  branches  for  the  superficial  muscles  are  separate  twigs  given  off  from  the 
nerve  below  or  near  the  elbow-joint,  but  the  branch  furnished  to  the  pronator  teres 
often  arises  above  the  joint. 

b.  Anterior  interosseous  nerve. — This  is  the  longest  branch  of  the  median  nerve, 
and  it  supplies  the  deeper  muscles  of  the  forearm.  Commencing  at  the  upper  part 
of  the  forearm,  beneath  the  superficial  flexor  of  the  fingers,  it  passes  downwards 
with  the  anterior  interosseous  artery  on  the  interosseous  membrane,  and  between 
the  long  flexor  of  the  thumb  and  the  deep  flexor  of  the  fingers,  to  the  pronator 
quadratus  muscle,  in  which  it  ends. 

c.  The  cutaneous  palmar  branch  pierces  the  fascia  of  the  forearm  close  to  the 
annular  ligament,  and  descending  over  that  ligament,  ends  in  the  integument  of 
the  palm  about  the  middle ;  being  connected  by  a  twig  with  the  cutaneous  palmar 
branch  of  the  ulnar  nerve.  It  distributes  some  filaments  over  the  ball  of  the  thumb, 
which  communicate  with  twigs  of  the  radial  or  the  external  cutaneous  nerve. 

B.  Branches  in  the  hand  : — 

a.  Branch  to  muscles  of  the  thumb. — This  short  nerve  subdivides  into  branches  for 
the  abductor,  the  opponens,  and  the  outer  head  of  the  flexor  brevis  pollicis  muscle. 

b.  Dir/ital  nerves.— These  are  five  in  number,  and  belong  to  the  thumb,  and  the 
fingers  as  far  as  the  outer  side  of  the  ring  finger.  As  they  approach  the  clefts 
between  the  fingers,  they  are  close  to  the  integument  in  the  intervals  between  the 
longitudinal  divisions  of  the  palmar  fascia. 

The  first  and  second  nerves  lie  along  the  sides  of  the  thumb;  and  the  former  (the 
outer  one)  is  connected  with  the  radial  nerve  upon  the  ball  of  the  thumb. 

The  third,  destined  for  the  radial  side  of  the  index  finger,  gives  a  muscular  branch 
to  the  first  or  most  external  lumbrical  muscle. 

The  fourth  supplies  the  second  lumbricalis,  and  divides  into  branches  for  the 
adjacent  sides  of  the  index  and  middle  fingers. 

The.  ffth,  the  most  internal  of  the  digital  nerves,  is  connected  by  a  crossing  twig 
with  the  ulnar  nerve,  and  divides  to  furnish  branches  to  the  adjacent  sides  of  the 
ring  and  middle  fingers. 

Each  digital  nerve  divides  at  the  end  of  the  finger  into  two  branches,  one 
of  which  supplies  the  ball  on  the  fore  part  of  the  finger ;  the  other  ramifies 
in  the  pulp  beneath  the  nail.  Branches  pass  from  each  nerve  forwards  and 
backwards  to  the  integument  of  the  finger  ;  and  one  larger  than  the  rest 
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inclines  backwards  by  the  side  of  the  first  phalanx  of  the  finger,  and  after 
joining  the  dorsal  digital  nerve,  ends  in  the  integumont  over  the  last 
phalanx. 

Fig.  432.       Fig.  432.— Distribution  op  toe  Digital  Nerves  (from  Hirschfeld  and 

Leveilld).  ^ 

1,  palmar  collateral  nerve  ;  2,  its  final  palmar  distribution  ;  3,  its 
dorsal  or  ungual  distribution,  and  between  these  numbers  the  network  of 
terminal  filaments;  4,  collateral  dorsal  nerve;  5,  uniting  twigs  passing 
between  the  dorsal  and  palmar  digital  nerves. 

Summary. — The  median  nerve  gives  cutaneous  branches  to 
the  palm,  and  to  several  fingers.  It  supplies  the  pronator 
muscles,  the  flexors  of  the  carpus  and  the  long  flexors  of  the 
fingers  (except  the  ulnar  flexor  of  the  carpus,  and  part  of  the 
deep  flexor  of  the  fingers),  likewise  the  outer  set  of  the  short 
muscles  of  the  thumb,  and  two  lumbricales. 

Some  similarity  will  be  observed  between  the  course  and 
distribution  of  the  median  and  ulnar  nerves.  Neither  gives 
any  offset  in  the  arm.  Together  they  supply  all  the  muscles 
in  front  of  the  forearm  and  in  the  hand,  and  together  they  supply  the 
skin  of  the  palmar  surface  of  the  hand,  and  impart  tactile  sensibility  to  all 
the  fingers. 

MUSCULO-SPIRAL  NERVE. 

The  musculo-spiral  nerve,  the  largest  offset  of  the  brachial  plexus, 
occupies  chiefly  the  back  part  of  the  limb,  and  supphes  nerves  to  the  ex- 
tensor muscles,  as  well  as  to  the  skin. 

Arising  behind  the  axillary  vessels  from  the  posterior  cord  of  the  brachial 
plexus,  of  which  it  is  the  principal  continuation  and  the  only  one  prolonged 
into  the  arm,  it  soon  turns  backwards  into  the  musculo-spiral  groove,  and, 
accompanied  by  the  superior  profunda  artery,  proceeds  along  that  groove, 
between  the  humerus  and  the  triceps  muscle,  to  the  outer  side  of  the  limb.  It 
then  pierces  the  external  intermuscular  septum,  and  descends  in  the  interval 
between  the  supinator  longus  and  the  brachialis  anticus  muscle  to  the  level  of 
the  outer  condyle  of  the  humerus,  where  it  ends  by  dividing  into  the  radial  and 
posterior  interosseous  nerves.  Of  these,  the  radial  is  altogether  a  cutaneous 
nerve,  and  the  posterior  interosseous  is  the  muscular  nerve  of  the  back  of 
the  forearm. 

The  branches  of  the  musculo-spiral  nerve  may  be  classified  according  as 
they  arise  on  the  inner  side  of  the  humerus,  behind  that  bone,  or  on  the 
outer  side. 

A.  Internal  branches  : — 

(a)  Muscular  branches  for  the  inner  and  middle  heads  of  the  triceps.  That  for 
the  inner  portion  of  the  muscle  is  long  and  slender ;  it  lies  by  the  side  of  the  ulnar 
nerve,  and  reaches  as  far  as  the  lower  third  of  the  upper  arm.  One  branch,  previously 
noticed  by  authors,  but  more  particularly  described  by  Krause,  is  named  by  him  the 
ulnar  collateral  branch.  It  arises  opposite  the  outer  border  of  the  latissimus  dorsi 
tendon,  and  descends  within  the  sheath  of  the  ulnar  nerve,  through  the  internal 
intermuscular  septum,  and  is  distributed  to  the  short  inferior  fibres  of  the  triceps 
(Reichert  and  Du  Bois  Reymond's  Archiv.  1864). 

(b)  The  internal  cutaneous  branch  of  the  musculo-spiral  nerve,  commonly  united  in 
origin  with  the  preceding,  winds  backwards  beneath  the  intercosto-humeral  nerve, 
and  after  supplying  filaments  to  the  skin,  ends  about  two  inches  from  the  olecranon ; 
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in  some  instances  extending  as  far  as  the  olecranon.  This  nerve  is  accompanied  by  a 
small  cutaneous  artery. 

B,  Posterior  branches  : — 

These  consist  of  a  fasciculus  of  muscular  branches  which  supply  the  outer  head  of  the 
triceps  muscle  and  the  anconeus.  The  branch  of  the  anconeus  is  slender,  and  remark- 
able for  its  length ;  it  descends  in  the  substance  of  the  triceps  to  reach  its  destination. 

C.  External  branches  : — 

(a)  The  muscular  branches  supply  the  supinator  longus,  extensor  carpi  radialis 
longior,  (the  extensor  carpi  radialis  brevior  receiving  its  nerve  from  the  posterior 
interosseous,)  and  occasionally  give  a  small  branch  to  the  brachialis  anticus. 

(b)  The  external  cutaneous  branches,  two  in  number,  arise  where  the  nerve  pierces 
the  external  intermuscular  septum. 

The  upper  branch,  the  smaller  of  the  two,  is  directed  downwards  to  the  fore  part 
of  the  elbow,  along  the  cephalic  vein,  and  distributes  filaments  to  the  lower  half  of 
the  upper  arm  on  the  anterior  aspect.  The  lower  branch  extends  as  far  as  the  wrist, 
distributing  offsets  to  the  lower  half  of  the  arm,  and  to  the  fore  arm,  on  their  pos- 
terior aspect,  and  is  connected  near  the  wrist  with  a  branch  of  the  external  cutaneous 
nerve. 


Fig.  433. — Dorsal  Cutaneous  Nerves 
of  the  Hand.  £ 

The  distribution  delineated  in  this 
figure  is  not  the  most  common,  there  being 
a  larger  than  usual  branch  of  the  ulnar 
nerve  :  1,  the  radial  nerve  descending 
beside  the  principal  radial  cutaneous  vein  ; 
2,  and  3,  dorsal  branches  to  the  two  sides 
of  the  thumb  ;  4,  branch  to  the  radial 
side  of  the  forefinger ;  5,  branch  to  the 
forefinger  and  middle  finger,  and  com- 
municating with  one  from  the  ulnar  nerve  ; 

6,  the  posterior  branch  of  the  ulnar  nerve  ; 

7,  communicating  twig ;  8,  collateral 
branch  to  the  middle  and  ring  fingers ; 
9,  collateral  branch  to  the  ring  and  little 
fingers  ;  10,  branch  to  the  inner  side  of 
the  hand  and  little  finger. 

RADIAL  NERVE. 

The  radial  nerve,  continuing 
straight  down  from  the  musculo- 
spiral,  is  concealed  by  the  long 
supinator  muscle,  and  lies  a  little 
to  the  outer  side  of  the  radial 
artery.  This  position  beneath  the 
supinator  is  retained  to  about  three 
inches  from  the  lower  end  of  the 
radius,  where  the  nerve  turns  back- 
wards beneath  the  tendon  of  the 
muscle,  and  becomes  subcutaneous. 
It  then  separates  into  two  branches, 
which  ramify  in  the  integument  on 
the  dorsal  aspect  of  the  thumb  and 
manner : — 


Fig.  433. 


next  two  fingers  in  the  following 
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(a)  The  external  branch  extends  to  the  radial  side  of  the  thumb,  and  is  joined  by  an 
offset  of  the  external  cutaneous  nerve.  It  distributes  filaments  over  the  ball  of  the 
thumb. 

(b)  The  internal  portion  communicates  with  a  branch  of  the  external  cutaneous 
nerve  on  the  back  of  the  forearm,  and  divides  into  digital  branches;  one  running 
along  the  ulnar  side  of  the  thumb,  a  second  on  the  radial  side  of  the  index  finger  a 
third  dividing  to  supply  the  adjacent  sides  of  the  index  and  middle  fin°-ers  while  a 
fourth  joins  with  an  offset  from  the  dorsal  branch  of  the  ulnar,  and  along  with  it 
forms  a  branch  for  the  supply  of  the  contiguous  sides  of  the  middle  and  ring  fin- 
gers. These  branches  communicate  on  the  sides  of  the  fingers  with  the  palmar  digital 
nerves. 

Sometimes  the  interspace  between  the  middle  and  ring  fingers  is  entirely  supplied 
by  the  radial,  and  at  other  times  entirely  by  the  ulnar  nerve. 

POSTERIOR  INTEROSSEOUS  NERVE. 

This  nerve,  the  larger  of  the  two  divisions  of  the  musculo-spiral  nerve, 
winds  to  the  back  of  the  forearm  through  the  fibres  of  the  supinator  brevis 


Fig.  434. 


Fig.  434. — View  of  the  Radial  side  of  the  Fore-arm, 

SHOWING   THE    FINAL  DISTRIBUTION  OF  THE  MusCULO- 

Spiral  Nerve  (from  Hirschfeld  and  Leveille).  \ 

The  supinator  longus,  and  extensores  carpi  radiales  longior 
and  brevior  have  been  divided,  and  their  upper  parts  re- 
moved ;  the  extensor  communis  digitorum  is  pulled  back- 
wards by  a  hook,  and  the  supinator  brevis  has  been  par- 
tially dissected  to  show  the  posterior  interosseous  nerve 
passing  through  it. 

1,  placed  upon  the  tendon  of  the  biceps  muscle,  points 
to  the  musculo-cutaneous  nerve;  I',  near  the  wrist,  the 
lower  part  of  this  nerve  and  its  plexus  of  union  with  the 
radial  nerve  ;  2,  trunk  of  the  musculo-spiral  nerve  emerg- 
ing from  between  the  brachialis  anticus,  on  which  the 
number  is  placed,  and  the  supinator  longus  muscles ;  2', 
its  muscular  twigs  to  the  long  supinator  and  long  radial 
extensor  of  the  carpus  ;  2",  the  posterior  interosseous  nerve 
passing  through  the  substance  of  the  supinator  brevis ;  3, 
placed  upon  the  cut  lower  portion  of  the  supinator  longus, 
the  radial  nerve ;  4,  the  external  collateral  nerve  of  the 
thumb  ;  5,  the  common  collateral  of  the  fore-finger  and 
thumb  ;  6,  the  common  collateral  of  the  fore-finger  and 
middle  finger  ;  7,  the  twig  of  union  with  the  dorsal  branch 
of  the  ulnar  nerve  ;  8,  placed  upon  the  common  extensor 
of  the  fingers,  the  muscular  branches  of  the  posterior  inter- 
osseous nerve  to  the  long  extensor  muscles ;  9,  upon  the 
extensor  secundi  internodii  pollicis,  the  branches  to  the 
short  extensor  muscles. 


muscle,  and  is  prolonged  between  the  deep  and 
superficial  layers  of  the  extensor  muscles  to  the 
interosseous  membrane,  which  it  approaches  about 
the  middle  of  the  forearm. 

Much  diminished  in  size  by  the  separation  of 
numerous  branches  for  the  muscles,  the  nerve  lies 
at  the  lower  part  of  the  forearm  beneath  the 
extensor  of  the  last  phalanx  of  the  thumb  and 
the  tendons  of  the  common  extensor  of  the 
fingers,  and  terminates  on  the  back  of  the 
carpus  in  a  gangliform  enlargement,  from  which  filaments  are  given  to  the 
adjoining  ligaments  and  articulations. 
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The  branches  of  the  interosseous  nerve  enter  the  surrounding  muscles, 
viz.,  the  extensor  carpi  radialis  brevior  and  supinator  brevis,  the  superficial 
layer  of  the  extensor  muscles  except  the  anconeus,  and  the  deep  layer  of 
the  same  muscles  :— that  is  to  say,  the  nerve  supplies  the  supinators,  and 
the  extensors  of  the  carpus  and  fingers,  with  the  exception  of  the  supinator 
longus  and  the  extensor  carpi  radialis  longior. 

Summary  of  the  Musculo-spiral  Nerve. 
The  trunk  of  the  nerve  distributes  its  branches  to  the  extensor  muscles  of 
the  elbow-joint  exclusively,  with  the  exception  of  a  filament  to  the  brachialis 
anticus,  which  however  receives  its  principal  nerves  from  another  source. 
Before  separating  into  its  two  large  divisions,  the  nerve  gives  branches 
to  two  muscles  of  the  forearm,  viz.,  the  long  supinator,  and  the  long 
radial  extensor  of  the  carpus.  The  posterior  interosseous  division  distri- 
butes nerves  to  the  remaining  muscles  on  the  outer  and  back  part  of  the 
forearm,  except  the  anconeus  (previously  supplied),  viz.,  to  the  short  supinator 
and  the  extensors. 

Cutaneous  nerves  are  distributed,  from  the  trunk  of  the  nerve  and  its 
radial  division,  to  the  lower  part  of  the  upper  arm,  to  the  forearm,  and  to 
the  hand — on  the  posterior  and  outer  aspect  of  each. 

ANTERIOR  PRIMARY  DIVISIONS  OF  THE  DORSAL  NERVES. 

These  nerves  are  twelve  in  number,  and,  with  the  exception  of  the  larger 
part  of  the  first  of  them,  which  joins  the  brachial  plexus,  they  are  dis- 
tributed to  the  walls  of  the  thorax  and  abdomen.  Eleven  of  the  nerves  so 
distributed  are  termed  intercostal,  and  the  twelfth  is  situated  below  the  last 
rib.  The  cords  connecting  them  with  the  sympathetic  nerve,  placed  close  to 
the  vertebras,  are  very  short. 

The  anterior  divisions  of  these  nerves  pass  separately  to  their  destination, 
without  forming  any  plexus  by  the  connection  or  interlacement  of  their 
fibres,  and  in  this  respect  they  differ  from  those  of  the  other  spinal  nerves. 
From  the  intervertebral  foramina  they  are  directed  transversely  across  the 
trunk,  and  nearly  parallel  one  to  another.  The  upper  six  nerves,  with  the 
exception  of  the  first,  are  confined  to  the  parietes  of  the  thorax  ;  while  the 
lower  six  nerves  are  continued  from  the  intercostal  spaces  to  the  muscles 
and  integument  of  the  anterior  wall  of  the  abdomen. 

FIRST  DORSAL  NERVE. 

The  greater  part  of  the  anterior  division  of  this  nerve  ascends  over  the 
neck  of  the  first  rib  and  the  first  intercostal  artery  to  enter  into  the  brachial 
plexus.  The  remaining  portion  of  the  nerve  is  continued  as  the  first  inter- 
costal, a  small  branch  which  courses  along  the  first  intercostal  space,  in  the 
manner  of  the  other  intercostal  nerves,  but  has  usually  no  lateral  cutaneous 
branch,  and  may  also  want  the  anterior  cutaneous. 

UPPER  OR  PECTORAX  INTERCOSTAL  NERVES. 

In  their  course  to  the  fore  part  of  the  chest,  these  nerves  accompany  the 
intercostal  blood-vessels.  After  a  short  space  they  pass  between  the  internal 
and  external  intercostal  muscles,  supplying  them  with  twigs,  and,  about 
midway  between  the  vertebrae  and  the  sternum,  give  off  the  lateral  cutaneous 
branches.  The  nerves,  greatly  diminished,  are  now  continued  forwards 
amid  the  fibres  of  the  internal  intercostal  muscles  as  far  as  the  costal 
cartilages,  where  they  come  into  contact  with  the  pleura.     In  approaching 


THE  DORSAL  NERVES. 
Fig.  435. 


Fig.  435.— View  of  the  Anterior  Divisions  op  the  Dorsal  and  some  of  the  other 
bPiNAL  Nerves  from  before  (from  Hirschfeld  aud  Leveille).  i 

The  pectoralis  major  and  minor  muscles  Lave  been  removed;  on  the  right  side  the 
rectus  abdominis  and  internal  oblique  muscles  are  shown,  on  the  left  side  the  anterior  part 
of  the  rectus  is  cut  away,  and  the  transversalis  is  exposed. 

1,  The  median  and  other  nerves  of  the  brachial  plexus';  2,  the  internal  cutaneous  ;  3, 
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the  nerve  of  Wrisberg  ;  4,  the  intercostal  nerves  continued  forwards  to  4',  their  anterior 
cutaneous  twigs  ;  5,  the  lateral  cutaneous  branches  of  these  nerves  ;  6,  cutaneous  branch 
of  the  last  dorsal  spinal  nerve  ;  7,  the  iliac  twig  of  the  ilio-hypogastric  branch  of  the 
first  lumbar  nerve  ;  8,  termination  of  the  ilio-hypogastric  ;  9,  the  ilio-inguinal  ;  10  the 
middle  cutaneous  of  the  thigh. 

the  sternum,  they  cross  the  internal  mammary  artery  and  the  fibres  of  the 
triangularis  sterni  muscle.  Finally,  these  nerves  pierce  the  internal  inter- 
costal muscle  and  the  greater  pectoral,  and  end  in  the  integument  of  the 
breast,  receiving  the  name  of  the  anterior  cutaneous  nerves  of  the  thorax. 

At  the  anterior  part  of  the  chest  some  of  the  muscular  twigs  cross  the  cartilages 
of  the  ribs,  passing  from  one  intercostal  space  to  another. 

(a)  The  lateral  cutaneous  nerves  of  the  thorax  pierce  the  external  intercostal  and 
serratus  magnus  muscles,  in  a  line  a  little  behind  the  pectoral  border  of  the  axilla 
The  first  intercostal  usually  gives  no  lateral  branch  or  only  a  slender  twig  to  the 
axilla,  but  when  that  of  the  second  nerve  is  unusually  small,  it  is  supplemented  by 
that  of  the  first.  The  branch  from  the  second  intercostal  is  named  intercosto-humeral 
and  requires  separate  description.  Each  of  the  remaining  lateral  cutaneous  nerves 
divides  into  two  branches,  which  reach  the  integument  at  a  short  distance  from  each 
other,  and  are  named  anterior  and  posterior. 

The  anterior  branches  are  continued  forwards  over  the  border  of  the  great  pectoral 
muscle.  Several  reach  the  mammary  gland  and  the  nipple ;  and  from  the  lower 
nerves  twigs  are  supplied  to  the  digitations  of  the  external  oblique  muscle  of  the 
abdomen. 

The  posterior  branches  turn  backwards  to  the  integument  over  the  scapula  and  the 
lat.ssimus  dorsi  muscle.  The  branch  from  the  third  nerve  ramifies  in  the  axilla  and 
a  few  filaments  reach  the  arm.  ' 

The  intercosto-humeral  nerve,  the  lateral  cutaneous  branch  of  the  second  inter- 
costal nerve,  corresponds  with  the  posterior  of  the  two  divisions  of  the  succeeding 
lateral  cutaneous  branches,  the  anterior  being  commonly  wanting.    It  crosses  thf 

J£!wT\  ^'p  ,  T'  ^  5  C°nnected  in  the  axil,a  with  "  offset  of  he 
nerve  of  Vi  nsberg    Penetrating  the  fascia,  it  becomes  subcutaneous,  and  ramifies  in 

the  integument  of  the  upper  half  of  the  arm,  on  the  inner  and  posterior  aspect  a 
few  filaments  reach  the  integument  over  the  scapula.  The  brandies  of  thh  nem 
cross  over  the  internal  cutaneous  offset  of  the  musculo-spiral  and  a  onmm!  i 
s  established  between  the  two  nerves.  The  size  J  Z^^^Z^ 
and  the  extent  of  its  distribution,  are  in  the  inverse  proportion  to  the  size  of  the 
other  cutaneous  nerves  of  the  upper  arm,  especially  the  nerve  of  Wrisberg 

(b)  The  anterior  cutaneous  nerves  of  the  thorax,  which  are  the  terniinaHwigs  of  the 
intercostal  nerves,  are  reflected  outwards  in  the  integument  over  th™  11  . 
muscle.  The  branch  from  the  second  nerve  is  JSZ^T^JS^£S^ 
^^^ST''  th°Se        »*  ^  «*  'ourth  nerved  are  S Z 

LOWER  OR  ABDOMINAL  INTERCOSTAL  NERVES. 

>   The  lower  intercostal  nerves  are  continued  from  the  anterior  ends  of  the 
intercostal  spaces  between  the  internal  oblique  and  the  transverse  muscle  of 
the  abdomen  to  the  outer  edge  of  the  rectus.    Perforating  £t 
they  enter  the  substance  of  that  muscle  nnrl  a*wm    i  ■  sueatn, 

cutaneous  branches  (anterior  cut^us)  aft6rWardS  *maau^  ™  sma11 

(a)  The  lateral  cutaneous  nerves  of  the  ahdm,,™  ™0„      4i     •  , 

the  external  intercostal  and  external  obi  q„ 27^  "  W  ln.^,ment  ih™& 
ing  nerves  on  the  thorax,  and  divide  in  the ,  «,™  T  •  1lme  Wlth  the  oorrespond- 
branches.  Q  the  8ame  manner  »nto  anterior  and  posterior 

The  anterior  branches  are  the  lanrer  and  ™j    i  j  • 
fascia,  with  small  cutaneous  arteries  K  l  7*  r"1*  111  *W*faW 
The  posterior  branches  bend  backwaSs  over  ftl  i  f  ■    \rectus  m"sde- 

(b)  The  anterior  cutaneous  nerves  T^Zc le„  T"™'  T"* 

vj  me  abdomen  become  subcutaneous  near  the 
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linea  alba,  accompanying  the  small  perforating  arteries.  Their  number  and  position 
are  very  uncertain.  They  are  directed  outwards  towards  the  lateral  cutaneous  nerves. 
A  second  set  iB  described  by  Cruveilhier  as  existing  at  the  outer  edge  of  the  rectus 
muscle. 


LAST  DORSAL  NERVE. 

The  anterior  primary  division  of  this  nerve  is  below  the  last  rib,  and  is 
contained  altogether  in  the  abdominal  wall.  The  nerve  has  the  general 
course  and  distribution  of  the  others  between  the  internal  oblique  and 
transversalis,  but  before  taking  its  place  between  those  muscles,  it  passes  in 
front  of  the  upper  part  of  the  quadratus  lumborum,  and  pierces  the  posterior 
aponeurosis  of  the  transverse  muscle.  This  nerve  is  connected  by  offsets 
with  the  nerve  above,  and  occasionally  with  the  ilio-hypogastric  branch  of 
the  lumbar  plexus.  Near  the  spine  it  sometimes  communicates  with  the 
first  lumbar  nerve  by  means  of  a  small  cord  in  the  substance  of  the  quad- 
ratus lumborum. 

The  lateral  cutaneous  branch  of  the  last  dorsal  nerve  passing  through  both 
oblique  muscles,  is  directed  downwards  over  the  iliac  crest  to  the  integument 
covering  the  fore  part  of  the  gluteal  region  and  the  upper  and  outer  part  of 
the  thigh,  some  filaments  reaching  as  far  as  the  great  trochanter  of  the 
femur. 


ANTERIOR  PRIMARY  DIVISIONS  OF  THE  LUMBAR  NERVES. 

The  anterior  divisions  of  the  lumbar  nerves  increase  in  size  from  the  first 
to  the  fifth  ;  and  all,  except  the  fifth,  which  passes  down  to  join  the  sacral 
nerves,  are  connected  together  by  communicating  loops,  so  as  to  form  the 
lumbar  plexus.  On  leaving  the  intervertebral  foramina  these  nerves  are 
connected  by  filaments  with  the  sympathetic  nerve,  these  filaments  being 
longer  than  those  connected  with  other  spinal  nerves,  in  consequence  of  the 
position  of  the  lumbar  sympathetic  ganglia  on  the  fore  part  of  the  bodies  of 
the  vertebrae.  In  the  same  situation  are  furnished  small  twigs  to  the  psoas 
and  quadratus  lumborum  muscles. 


LUMBAR  PLEXUS. 

The  lumbar  plexus  is  formed  by  the  communications  between  the  anterior 
primary  divisions  of  the  four  upper  lumbar  nerves.  It  is  placed  in  the 
substance  of  the  psoas  muscle,  in  front  of  the  transverse  processes  of  the 
corresponding  vertebrae.  Above,  the  plexus  is  narrow,  and  is  sometimes 
connected  with  the  last  dorsal  nerve  by  a  small  offset  from  that  nerve, 
named  dorsi-lumbar ;  below  it  is  wider,  and  is  joined  to  the  sacral  plexus 
by  means  of  a  branch  given  by  the  fourth  lumbar  nerve  to  the  fifth. 

The  arrangement  of  the  plexus  may  be  thus  stated  : — The  first  nerve 
gives  off  the  ilio-hypogastric  and  ilio-inguinal  nerves,  and  sends  downwards 
a  communicating  branch  to  the  second  nerve.  The  second  furnishes  the 
greater  part  of  the  genito-crural  and  external  cutaneous  nerves,  and  gives  a 
connecting  branch  to  the  third,  from  which  some  of  the  fibres  of  the  anterior 
crural  and  obturator  nerves  are  derived.  From  the  third  nerve,  besides  the 
descending  branch  to  the  fourth,  two  branches  proceed  :  one  of  these,  the 
larger,  form3  part  of  the  anterior  crural  nerve  ;  the  other,  a  part  of  the 
obturator  nerve.  The  fourth  nerve  gives  two  branches,  which  serve  to 
complete  the  obturator  and  anterior  crural  nerves,  and  a  connecting  branch 
to  the  fifth  nerve. 


THE  LUMBAR  PLEXUS  AND  NERVES. 
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The  branches  of  this  plexus  form  two  sets,  which  are  distributed,  one  to 
tho  lower  part  of  the  wall  of  the  abdomen,  the  other  to  the  fore  part  and 
inner  side  of  the  lower  limb.    In  the  former  set  are  the  ilio-hypogastric  and 


DXJ1 


Fig.    436.  —  Diagrammatic  Fig.  436. 

Outlinb  ob*  the  Lumbar 
and  Sacral  Plexuses  wiin 

THE      PRINCIPAL  NERVES 
ARISING  FROM  THEM.  £ 

DXII,  placed  opposite  the 
divided  roots  of  the  last  dorsal 
nerve  ;  LI  to  V,  opposite  the 
roots  of  the  five  lumbar  nerves : 
the  loops  uniting  the  anterior 
primary   divisions   of  these 
nerves  together,  and  the  first 
with  the  twelfth  dorsal  are 
shown  ;  SI  to  V,  and  CI,  the 
same  in  the  sacral  and  coccy- 
geal nerves  ;  p,  placed  on  some 
of  the  nerves  marks  the  pos- 
terior primary  divisions  cut 
short;  p' p,  the  plexus  formed 
by  the  union  of  the  posterior 
branches  of  the  third,  fourth, 
and  fifth  sacral  and  the  coccy- 
geal nerves  ;  d,  the  abdominal 
continuation  of  the  last  dorsal 
nerve  from  which  d',  the  iliac 
cutaneous  branch  arises  ;  1,  1', 
the  ilio-hypogastric  and  ilio- 
inguinal branches  of  the  first 
lumbar  nerve  ;  2,  the  genito- 
crural  rising  by  a  loop  from 
the  first  and  second  lumbar; 
2',  external  cutaneous  of  the 
thigh  rising  by  a  loop  from  the 
second  and  third ;  ps,  branches 
to  the  psoas  muscle  along  the 
lumbar  plexus ;   cr,  anterior 
crural  nerve  from  the  second, 
third,  and  fourth  lumbar  ;  U, 
branches  to  the  iliacus  ;  ob, 
obturator  nerve  from  the  se- 
cond, third  and  fourth  lumbar 
nerves  ;  ob',  accessory  obtura- 
tor ;  IV',  V',  loop  from  the 
fourth  and  fifth  lumbar,  form- 
ing the  lumbo-sacral  cord  ;  3, 
superior  gluteal  nerve  ;  sc, 
sacral  plexus  ending  in  the  great 
sciatic  nerve  ;  4,  lesser  sciatic 
nerve  rising  from  the  plexus 
posteriorly;  4',  inferior  gluteal 
branches ;  5,  inferior  puden- 
dal ;   5',  posterior  cutaneous 
of  the  thigh  and  leg ;  6,  6, 
branches  to  the  obturator  in- 

n1nni,irVtwiiIUrnfl!Peri0V  ^  \hl?™1™  *°  the  gemellus  inferior,  quadratua  and 
£  h  irli  QS  ■  ^  Py"f<>™is  ;  8,  8,  pudic  nerve  from  the  first,  second,  third,  and 
tZlh  thi  '  C6rftl  hrS1thea,  '  9  •  WiS  t0  the  le™tQr  ani  i  10.  cutaneous  from  the 
branches        P"M8  ^  b°rder  °f  the  SlnteU9  maximus '  H>  C0CCySeal 
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ilio-inguinal  nerves,  and  part  of  the  genito-crural  ;  and  to  the  latter  belong 
the  remaining  part  of  the  genito-crural  nerve,  the  external  cutaneous,  the 
obturator,  and  the  anterior  crural  nerves. 

ILIO-HYPOGASTRIC  AND  ILIO-INGUINAL  NERVES. 

These  nerves  are  the  upper  two  branches  from  the  lumbar  plexus  •  they 
are  both  derived  from  the  first  lumbar  nerve,  and  have  a  nearly  similar 
distribution.  They  become  subcutaneous  by  passing  between  the  broad 
muscles  of  the  abdomen,  and  through  the  outer  one,  and  end  in  the  integu- 
ment of  the  groin  and  scrotum  in  the  male,  and  the  labia  pudendi  in  the 
female,  as  well  as  in  the  integument  covering  the  gluteal  muscles.  The 
extent  of  distribution  of  the  one  is  inversely  proportional  to  that  of  the 
other. 

The  ilio-hypogastric  nerve,  emerging  from  the  upper  part  of  the  psoas 
muscle  at  the  outer  border,  runs  obliquely  over  the  quadratus  lumborum  to 
the  iliac  crest,  and  there  perforating  the  transverse  muscle  of  the  abdomen, 
gets  between  that  muscle  and  the  internal  oblique,  and  divides  into  an  iliac 
and  a  hypogastric  branch. 

(a)  The  iliac  branch  pierces  the  attachment  of  both  oblique  muscles,  immediately 
above  the  iliac  crest,  and  is  lost  in  the  integument  over  the  gluteal  muscles,  behind 
the  distribution  of  the  lateral  cutaneous  branch  of  the  last  dorsal  nerve. 

(6)  The  hypogastric  or  abdominal  branch  passes  on  between  the  transverse  and 
internal  oblique  muscles,  and  is  connected  with  the  ilio-inguinal  nerve  near  the  iliac 
crest.  It  then  perforates  the  internal  oblique  muscle,  and  piercing  the  aponeurosis  of 
the  external  oblique,  a  little  above  the  superficial  inguinal  opening,  is  distributed  to 
the  skin  of  the  abdomen  above  the  pubes. 

The  size  of  the  iliac  branch  of  this  nerve  varies  inversely  with  that  of  the  lateral 
cutaneous  branch  of  the  twelfth  dorsal.  The  hypogastric  branch  is  not  unfrequently 
joined  with  the  last  dorsal  nerve  between  the  muscles,  near  the  crest  of  the  innominate 
bone. 

The  ilio-ingumal  nerve,  smaller  than  the  preceding,  supplies  the  integu- 
ment of  the  groin.  Descending  obliquely  outwards  over  the  quadratus 
lumborum,  it  crosses  the  fibres  of  the  iliacus  muscle,  being  placed  lower 
down  than  the  ilio-hypogastric  :  it  then  perforates  the  transverse  muscle 
further  forwards  than  the  ilio- hypogastric  ;  communicating  with  that  nerve 
between  the  abdominal  muscles.  Then  piercing  the  internal  oblique  muscle, 
it  descends  in  the  inguinal  canal,  and  emerging  at  the  superficial  inguinal 
ring,  is  distributed  to  the  skin  upon  the  groin,  as  well  as  to  that  upon  the 
scrotum  and  penis  in  the  male,  or  the  labium  pudendi  in  the  female,  com- 
municating with  the  inferior  pudendal  nerve.  In  its  progress  this  nerve 
furnishes  branches  to  the  internal  oblique  muscle. 

The  ilio-inguinal  nerve  occasionally  arises  from  the  loop  connecting  the  first  and 
second  lumbar  nerves.  It  is  sometimes  small,  and  ends  near  the  iliac  crest  by  joining 
the  ilio-hypogastric  nerve ;  in  that  case  the  last  nerve  gives  off  an  inguinal  branch 
having  a  similar  course  and  distribution  to  the  ilio-inguinal  nerve,  the  place  of  which 
it  supplies. 

GENITO-CRURAL  NERVE. 

The  genito-crural  nerve  belongs  partly  to  the  external  genital  organs  and 
partly  to  the  thigh.  It  is  derived  chiefly  from  the  second  lumbar  nerve, 
but  receives  also  a  few  fibres  from  the  connecting  cord  between  that  and 
the  first  nerve.  The  nerve  descends  obliquely  through  the  psoas  muscle, 
and  afterwards  on  its  fore  part,  towards  Poupart's  ligament,  dividing  at  a 
variable  height  into  an  internal  or  genital,  and  an  external  or  crural  branch. 


GENITO-CRURAL  NERVE. 
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It  often  bifurcates  close  to  its  origin  from  the  plexus,  in  which  case  its  two 
branches  perforate  the  psoas  muscle  in  different  places. 

(a)  The  genital  branch  (external  spermatic,  Schmidt),  lies  upon  or  near  the  external 
iliac  artery,  and  sends  filaments  along  that  vessel ;  then  perforating  the  transversalis 
fascia,  it  passes  through  the  inguinal  canal  with  the  spermatic  cord,  and  is  lost  upon 

Fig.  437. 


i 


Fig.  437.-V1EW  FROM  BEFORE  OF  THE  ANTERIOR  BRANCHES  OF  THE  LUMBAR  AND  Sao*  ,  r 

Nerves  with  the  Plexuses  (from  Sappey  after  Hirschfeld  and  LeveUle^  f 

1,  lumbar  cord  of  the  great  sympathetic  nerve  •  2  V  uU.^;.       >•  •  . 
twelfth  dorsal  nerve  :  3,  first  lumbar    4  4    uLZ        1  I      Prima7  division  of  the 

ilio-hypogastric  branch; ' 6, Second  lumbar  ^  °   ^  Mm  ''  5>  5'> 

the  first  and  second  lumbar  j  8  ?  extern- TtU  '  '  genito-°ru,raI L nerve  ris'lDS  from 
lumbar  nerve;  10,  fourth  ;  11,  fifth  -IS ?  ^  '  9>  third 

ilio-inguinal ;  14,  its  abdomina  branch  ,lu™bo-8acfral  trunk ;  13,  iliac  branch  of  the 
nerve  of  the  right  side  passing  out  of the  8  ^1  bnmeh  ;  16,  external  cutaneous 
cutaneous  ramifications  ITS  ne™  17'  Ptt  a,  ^  P°Upart  8  ligamenfc  !  17,  17,  17, 
18',  genital  branch  of  the  genito-crural  -19  iT*  °D  the  left  side  J  18> 

cutaneous  ;  19',  the  same  on  the  toKde  exU^  ./S  V»B*«  side  becoraing 

artery  ;  20,  anterior  crural  nerve ;  21  21'  „thit  ^emh  m  front  of  the  femoral 
aortic  plexus  of  the  sympathetic  22'.fft  viatic  plexus  ;  23, 

plexuses  and  the  lumbar  ganglia,  and  i^SS^SS^^  JtaS?" 
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the  cremaster  muscle.  In  the  female  it  accompanies  the  round  ligament  of  the 
uterus. 

(6)  The  crural  branch  (lumbo-inguinal  nerve,  Schmidt),  descends  upon  the  psoas 
muscle  beneath  Poupart's  ligament  into  the  thigh.  Immediately  below  that  liga- 
ment, and  at  the  outer  side  of  the  femoral  artery,  it  pierces  the  fascia  lata,  and 
supplies  the  skin  on  the  upper  part  of  the  thigh,  communicating  with  the  middle 
cutaneous  branch  of  the  anterior  crural  nerve.  Whilst  it  is  passing  beneath  Pou- 
part's ligament,  some  filaments  are  prolonged  from  this  nerve  on  the  femoral  artery. 
It  is  stated  by  Schmidt,  that  when  the  crural  branch  of  the  genito-crural  nerve  is 
large,  and  commences  near  the  plexus,  he  has  observed  it  to  give  a  muscular  branch 
to  the  lower  border  of  the  internal  oblique  and  transversalis  muscles. 

EXTERNAL  CUTANEOUS  NERVES. 

This  nerve,  commencing  from  the  loop  formed  between  the  second  and 
third  lumbar  nerves,  on  emerging  from  the  outer  border  of  the  psoas  muscle, 
crosses  the  iliacus  muscle  below  the  ilio-inguinal  nerve,  and  passing  beneath 
Poupart's  ligament,  reaches  the  thigh  beneath  the  anterior  superior  iliac 
spine,  where  it  divides  into  an  anterior  and  a  posterior  branch  distributed  to 
the  integument  of  the  outer  side  of  the  hip  and  thigh. 

(a)  The  posterior  branch  perforates  the  fascia  lata,  and  subdivides  into  two  or 
three  others,  which  turn  backwards  and  supply  the  skin  upon  the  outer  surface  of 
the  limb,  from  the  upper  border  of  the  hip-bone  nearly  to  the  middle  of  the  thigh. 
The  highest  among  them  are  crossed  by  the  cutaneous  branches  from  the  last  dorsal 
nerve. 

(b)  An  anterior  branch,  the  continuation  of  the  nerve,  is  at  first  contained  in  a 
sheath  or  canal  formed  in  the  substance  of  the  fascia  lata ;  but  about  four  inches 
below  Poupart's  ligament,  it  enters  the  subcutaneous  fatty  tissue,  and  is  distributed 
along  the  outer  part  of  the  front  of  the  thigh,  ending  near  the  knee.  The  principal 
offsets  spring  from  its  outer  side.  In  some  cases,  this  branch  reaches  quite  down 
to  the  knee,  and  communicates  there  with  the  internal  saphenous  nerve. 

OBTURATOR  NERVE. 

The  obturator  nerve  (internal  crural)  is  distributed  to  the  adductor 
muscles  of  the  thigh,  and  to  the  hip  and  knee  joints.  It  arises  from  the 
lumbar  plexus  by  two  roots,  one  from  the  third  and  the  other  from  the 
fourth  lumbar  nerve.  Having  emerged  from  the  inner  border  of  the  psoas 
muscle,  opposite  to  the  brim  of  the  pelvis,  it  runs  along  the  side  of  the 
pelvic  cavity,  above  the  obturator  vessels,  as  far  as  the  opening  in  the  upper 
part  of  the  thyroid  foramen,  through  which  it  escapes  from  the  pelvis  into 
the  thigh.  Here  it  immediately  divides  into  an  anterior  and  a  posterior 
branch,  which  are  separated  from  one  another  by  the  short  adductor 
muscle. 

A. — The  anterior  portion  communicates  with  the  accessory  obturator 
nerve,  when  that  nerve  is  present,  and  descends  in  front  of  the  adductor 
brevis  and  behind  the  pectineus  and  adductor  longus  muscles.  It  gives 
branches  as  follows  : — 

(a)  An  articular  branch  to  the  hip-joint  arises  near  the  thyroid  membrane. 

(b)  Muscular  branches  are  given  to  the  gracilis  and  adductor  longus  muscles,  and 
occasionally  also  others  to  the  adductor  brevis  and  pectineus. 

(c)  The  terminal  twig  turns  outwards  upon  the  femoral  artery,  and  surrounds  that 
vessel  with  small  filaments. 

(d)  An  offset  at  the  lower  border  of  the  adductor  longus  communicates  beneath 
the  fascia  with  the  internal  cutaneous  branch  of  the  anterior  crural  nerve,  and  with  a 
branch  of  the  internal  saphenous  nerve,  forming  a  sort  of  plexus. 

Occasional  cutaneous  nerve. — In  some  instances  the  communicat  ing  branch  described 
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is  larger  than  usual,  and  descends  along  the  posterior  border  of  the  sartorius  to  the 
inner  side  of  the  knee,  where  it  perforates  the  fascia,  communicate*  with  the  internal 
saphenous  nerve,  and  extends  down  the  inner  side  of  the  limb,  supplying  the  skin  as 
low  as  the  middle  of  the  leg. 


Fig.  438. — The  Lumbar  Plexus  prom  Fig.  438. 

BEFORE,  WITH  THE  DISTRIBUTION  OF 

some  op  its  Nerves  (slightly  altered 
from  Schmidt).  £ 

a,  the  last  rib ;  b,  quadratu*  lum- 
borum  muscle  ;  c,  oblique  and  trans- 
verse muscles  cut  near  the  crest  of  the 
ilium  and  turned  down  ;  d,  pubes  ;  e, 
adductor  brevis  muscle ;  /,  pectineus 
divided  and  turned  outwards ;  g,  adduc- 
tor longus  ;  1,  ilio-hypogastric  nerve; 
2,  ilio-inguinal ;  3,  external  cutaneous  ; 
4,  anterior  crural  ;  5,  accessory  obtu- 
rator ;  6,  obturator,  united  with  the  ac- 
cessory by  a  loop  round  the  pubes  ;  7, 
genito-ciural  in  two  branches  cut  short 
near  their  origin  ;  8,  8,  lumbar  portion 
of  the  gangliated  sympathetic  cord. 

When  this  cutaneous  branch  of  the 
obturator  nerve  is  present,  the  internal 
cutaneous  branch  of  the  anterior  crural 
nerve  is  small,  the  size  of  the  two 
nerves  bearing  an  inverse  proportion 
to  each  other. 

B. — The  poster  for  or  deep  part 
of  the  obturator  nerve  having 
passed  through  some  fibres  of  the 
external  obturator  muscle,  crosses 
behind  the  short  adductor  to  the 
fore  part  of  the  adductor  mag- 
nus,  where  it  divides  into  many 
branches,  all  of  which  enter  those 

muscles,  excepting  one  which  is  prolonged  downwards  to  the  knee-joint. 

(a)  The  «*  branches  supply  the  external  obturator  and  the  great  adductor 
muscle,  with  the  short  adductor  also  when  this  muscle  receives  no  branch  from  the 
anterior  division  of  the  nerve. 

(b)  The  articular  branch  for  the  knee  rests  at  first  on  the  adductor  magnus  but 
per  orates  the  lower  fibres  of  that  muscle,  and  thus  reaches  the  upper  paft  of  the 
popliteal  space.  Supported  by  the  popliteal  artery,  and  sending  figments  around 
that  vessel,  the  nerve  then  descends  to  the  back  of  the  knee-joint,  and  enters  the 

7^m!Zt       r  ligameat-  (Thomson' " London Med- 

ACCESSORY   OBTURATOR  NERVE. 

The  accessory  obturator  nerve,  a  small  and  inconstant  nerve,  arising  from 
tnird  enters  the  hip-joint  with  the  articular  artery. 
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Fig.  4S9. 


This  nerve  is  sometimes  smaller  than  usual,  and  ends  in  filaments  which  perforate 
the  capsule  of  the  hip-joint.  When  it  is  altogether  wanting,  the  hip-joint  receives 
branches  from  the  ohturator  nerve. 

Summary.—  The  obturator  nerve  and  accessory  obturator  give  branches  to 
the  hip  aud  knee  joints,  also  to  the  adductor  muscles  of  the  thigh,  and,  in 
some  cases,  to  the  pectineus.  Occasionally  a  cutaneous  branch  descends  to 
the  inner  side  of  the  thigh,  and  to  the  inner  and  upper  part  of  the  leg. 

ANTERIOR  CRURAL  NERVE. 
This  nerve  is  the  largest  branch  of  the  lumbar  plexus,  and  is  derived 
principally  from  the  third  and  fourth  lumbar  nerves,  but  in  part  also  from 

the  second.  Emerging  from  the  outer 
border  of  the  psoas  muscle,  near  its  lower 
part,  it  descends  into  the  thigh  in  the 
groove  between  that  muscle  and  the  iliacus, 
and,  therefore,  to  the  outside  of  the  femoral 
blood-vessels.  It  now  becomes  flattened 
out  and  divides  into  two  parts,  one  of 
which  is  cutaneous,  while  the  other  is  dis- 
tributed to  muscles. 


Fig.  439. — Deep  Nerves  op  the  Anterior  and 
Inner  part  of  the  Thigh  (from  Sappey  after 
Hirschfeld  and  Leveille).  £ 

1,  anterior  crural  nerve ;  2,  branches  given  to 
the  iliacus  muscle  ;  3,  branch  to  the  lower  part  of 
the  psoas  ;  4,  large  musculocutaneous  branches 
divided  to  show  the  deeper  nerves  ;  5  and  6,  mus- 
cular filaments  from  the  small  musculo-cutaneous  ; 
7,  origin  of  the  cutaneous  branches ;  8,  communi- 
cating filament  of  the  internal  cutaneous  nerves  ; 
9,  branches  to  the  rectus ;  10,  branches  to  the 
vastus  externus  ;  1 1,  branches  to  the  vastus  inter- 
nus  ;  12,  internal  saphenous  nerve  ;  13,  its  patellar 
branch;  14,  its  continuation  down  the  leg :  15, 
obturator  nerve  ;  16,  branch  from  the  obturator 
nerve  to  the  adductor  longus;  17,  branch  to  the 
adductor  brevis  ;  18,  branch  to  the  gracilis  ;  from 
this  a  filament  is  prolonged  downwards,  to  unite 
with  the  plexus  formed  by  the  union  of  branches 
from  the  internal  cutaneous  and  internal  saphenous 
nerves  ;  19,  deep  branch  of  the  obturator  nerve  to 
the  adductor  magnus  ;  20,  lumbo-sacral  trunk  ;  21, 
its  union  with  the  first  sacral  nerve  ;  22,  22,  lum- 
bar and  sacral  part  of  the  sympathetic  nerve  ;  23, 
external  cutaneous  nerve  from  the  lumbar  plexus. 


Branches  of  the  trunk. — The  branches 
given  from  the  anterior  crural  nerve  within 
the  abdomen  are  few  and  of  small  size. 

(a)  The  iliacus  receives  three  or  four  small  branches,  which  are  directed  outwards 
from  the  nerve  to  the  fore  part  of  the  muscle. 

(b)  The  nerve  of  the  femoral  artery  is  a  small  branch  which  divides  into  numerous 
filaments  upon  the  upper  part  of  that  vessel.  It  sometimes  arises  lower  down  than 
usual  in  the  thigh.  It  may,  on  the  other  hand,  be  found  to  take  origin  above  the 
ordinary  position ;  and  in  this  case  it  proceeds  from  the  middle  cutaneous  nerve, 
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when  that  branch  springs  from  or  near  the  lumbar  plexus.  In  either  case,  its  ulti- 
mate distribution  is  the  same  as  that  already  described. 

Terminal  branches.  — From  the  principal  or  terminal  divisions  of  the  nerve 
the  remaining  branches  take  their  rise  as  follows  : — 

From  the  superficial  division  cutaneous  branches  are  given  to  the  fore 
part  of  the  thigh,  and  to  the  inner  side  of  the  leg.  They  are  the  middle  and 
internal  cutaneous  nerves,  and  the  internal  saphenous  nerve.  One  of  the 
muscles,  the  sartorius,  receives  its  nerves  from  this  group. 

The  deep  branches  supply  the  muscles  on  the  fore  part  of  the  thigh,  and 
also  the  pectineus  muscle.  The  branch  to  the  pectineus,  however,  some- 
times arises  from  the  superficial  part  of  the  trunk. 

a.  muscular  branches. 

The  branch  to  the  pectineus  muscle  crosses  inwards  behind  the  femoral  vessels, 
and  enters  the  muscle  on  the  anterior  aspect. 

The  sartorius  muscle  receives  three  or  four  twigs,  which  arise  in  common  with 
the  cutaneous  nerves,  and  reach  mostly  the  upper  part  of  the  muscle. 

The  rectus  muscle  receives  a  distinct  branch  on  its  under  surface. 

The  nerve  for  the  vastus  externus,  of  considerable  size,  descends  with  the  branches 
of  the  external  circumflex  artery  towards  the  lower  part  of  the  muscle.  It  gives  off 
a  long  slender  articular  filament,  which  reaches  the  knee  and  penetrates  the  fibrous 
capsule  of  the  joint. 

Another  large  nerve  divides  into  two  sets  of  branches,  which  enter  the  vastus 
internus  and  the  crureus  about  the  middle  of  those  muscles.  The  nerve  of  the  vastus 
internus,  before  penetrating  the  muscular  fasciculi,  gives  a  small  branch  to  the  knee- 
joint.  This  articular  nerve  passes  along  the  internal  intermuscular  septum  with  a 
branch  of  the  anastomotic  artery,  as  far  as  the  inner  side  of  the  joint,  where  it  per- 
forates the  capsular  ligament,  and  is  directed  outwards  on  the  synovial  membrane 
beneath  the  ligamentum  patellas. 

B.      MIDDLE  CUTANEOUS  NERVE. 

The  middle  cutaneous  nerve  either  pierces  the  fascia  lata  divided  into  two 
branches  about  four  inches  below  Poupart's  ligament,  or  as  one  trunk  which 
soon  separates  into  two  branches.  These  branches  descend  side  by  side  on  the 
fore  part  of  the  thigh  to  the  inner  side  and  front  of  the  patella.  After  or 
before  the  nerve  has  become  subcutaneous,  it  communicates  with  the  crural 
branch  of  the  genito-crural  nerve,  and  also  with  the  internal  cutaneous. 

This  nerve  sometimes  arises  from  the  anterior  crural,  high  up  within  the 
abdomen. 

C.      INTERNAL  CUTANEOUS  NERVE. 

The  internal  cutaneous  nerve  gives  branches  to  the  skin  on  the  inner  side 
of  the  thigh,  and  the  upper  part  of  the  leg  ;  but  the  extent  to  which  it 
reaches  varies  with  the  presence  or  absence  of  the  «  occasional  cutaneous  » 
branch  of  the  obturator  nerve. 

Lying  beneath  the  fascia  lata,  this  nerve  descends  obliquely  over  the 
upper  part  of  the  femoral  artery.    It  divides  either  in  front  of  that  vessel 
or  at  the  inner  side  into  two  branches  (one  anterior,  the  other  internal)! 
which  Pierce  the  fascia  separately.    These  two  branches  sometimes  arise  as 
distinct  offsets  from  the  superficial  part  of  the  anterior  crural  nerve 

The  distribution  of  the  internal  cutaneous  nerve  is  as  follows  :— ' 

(a)  Branches  previous  to  division. -Before  dividing  into   its  two  ultimate 

nZrT^fZT  glVeYff  tW°  °r  thFee  CUtanC0U8  ^igs,  which  a^S^ 
upper  part  of  the  long  saphenous  vein.    The  highest  of  these  perforates  the  fascia 
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near  the  saphenous  opening,  and  reaches  down  to  the  middle  of  the  thigh.  The 
others  appear  beneath  the  skin  lower  down  by  the  side  of  the  vein ;  one,  larger  than 
the  rest,  passes  through  the  fascia  about  the  middle  of  the  thigh,  and  extends  to  the 
knee.  In  some  instances,  these  small  branches  spring  directly  from  the  anterior  crural 
nerve,  and  they  often  communicate  with  each  other. 

Fig.  440. — Cutaneous  Nerves  of  the  Anterior 
and  Inner  Part  of  the  Thigh  (from  Sappey 
after  Hirschfeld  and  Leveille).  £ 

1,  external  cutaneous  nerve  ;  2,  2,  middle  cuta- 
neous branch  of  the  anterior  crural  passing  through 
the  sartorius  muscle  and  the  fascia  ;  3,  3,  anterior 
division  of  the  internal  cutaneous ;  4,  filament  to 
the  sartorius ;  5,  inner  or  posterior  division  of  the 
internal  cutaneous  ;  6,  its  superficial  branch  to  the 
inside  of  the  knee  after  perforating  the  fascia  ;  7, 
deep  or  communicating  branch ;  8,  superficial  branch 
of  the  musculo-cutaneous  of  the  crural  ;  9,  patellar 
bi  anch  of  the  internal  saphenous  nerve ;  10,  con- 
tinuation of  the  saphenous  down  the  leg. 

(b)  The  anterior  branch,  descending  in  a 
straight  line  to  the  knee,  perforates  the  fascia 
lata  in  the  lower  part  of  the  thigh;  it  after- 
wards runs  down  near  the  intermuscular  septum, 
giving  off  filamentB  on  each  side  to  the  skin,  and 
is  finally  directed  over  the  patella  to  the  outer 
side  of  the  knee.  It  communicates  above  the 
joint  with  a  branch  of  the  long  saphenous 
nerve ;  and  sometimes  it  takes  the  place  of  the 
branch  usually  given  by  the  latter  to  the  integu- 
ment over  the  patella. 

This  branch  of  the  internal  cutaneous  nerve 
sometimes  lies  above  the  fascia  in  its  whole 
length.  It  occasionally  gives  off  a  cutaneous 
filament,  which  accompanies  the  long  saphenous 
vein,  and  in  some  cases  it  communicates  with 
the  branch  to  be  next  described. 

The  inner  branch  of  the  internal  cutaneous 
nerve,  descending  along  the  posterior  border  of 
the  sartorius  muscle,  perforates  the  fascia  lata 
at  the  inner  side  of  the  knee,  and  communicates 
by  a  small  branch  with  the  internal  saphenous 
nerve,  which  here  descends  in  front  of  it.  It 
gives  some  cutaneous  filaments  to  the  lower 
part  of  the  thigh  on  the  inner  side,  and  is  dis- 
tributed to  the  skin  upon  the  inner  side  of  the  leg.  Whilst  beneath  the  fascia,  this 
branch  of  the  internal  cutaneous  nerve  joins  in  an  interlacement  with  offsets  of  the 
obturator  nerve  below  the  middle  of  the  thigh,  and  with  the  branch  of  the  saphenous 
nerve  nearer  the  knee. 

D.      INTERNAL  SAPHENOUS  NEKVE. 

The  internal  or  long  saphenous  nerve  is  the  largest  of  the  cutaneous 
branches  of  the  anterior  crural  nerve.  In  some  cases  it  arises  in  connection 
with  one  of  the  deep  or  muscular  branches. 

This  nerve  is  deeply  placed  as  far  as  the  knee,  and  is  subcutaneous  in  the 
re3t  of  its  course.  In  the  thigh  it  accompanies  the  femoral  vessels,  lying  at 
first  somewhat  to  their  outer  side,  but  lower  down  approaching  close  to 
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them,  and  passing  beneath  the  same  aponeurosis.  When  the  vessels  pass 
through  the  opening  in  the  adductor  muscle  into  the  popliteal  space,  the 
saphenous  nerve  separates  from  them,  and  is  continued  downwards  beneath 
the  sartorius  muscle  to  the  inner  side  of  the  knee  ;  where,  having  first 
given  off,  as  it  lies  near  the  inner  condyle  of  the  femur,  a  branch  which  is 
distributed  over  the  front  of  the  patella,  it  becomes  subcutaneous  by 
piercing  the  fascia  between  the  tendons  of  the  sartorius  and  gracilis  muscles. 

The  nerve  then  accompanies  the  saphenous  vein  along  the  inner  side  of 
the  leg,  and  passing  in  front  of  the  ankle  is  distributed  to  the  inner  side  of 
the  foot.    In  the  leg  it  is  connected  with  the  internal  cutaneous  nerve. 

The  distribution  of  the  branches  is  as  follows  : — 

(a)  A  communicating  branch  is  given  off  about  the  middle  of  the  thigh  to  join  in 
the  interlacement  formed  beneath  the  fascia  lata  by  this  nerve  and  branches  of  the 
obturator  and  internal  cutaneous  nerves.  After  it  has  left  the  aponeurotic  covering 
of  the  femoral  vessels,  the  internal  saphenous  nerve  has,  in  some  cases,  a  further 
connection  with  one  or  other  of  the  nerves  just  referred  to. 

(b)  The  branch  to  the  integument  in  front  of  the  patella  perforates  the  sartorius 
muscle  and  the  fascia  lata ;  and,  having  received  a  communicating  offset  from  the 
internal  cutaneous  nerve,  spreads  out  upon  the  fore  part  of  the  knee ;  and,  by  uniting 
with  branches  of  the  middle  and  external  cutaneous  nerves,  forms  a  plexus, — plexus 
patellae. 

(c)  A  branch  to  the  inner  ankle  is  given  off  in  the  lower  third  of  the  leg,  and 
descends  along  the  margin  of  the  tibia. 

(d)  Filaments  from  this  nerve  enter  the  tarsal  ligaments. 

Summary. — The  anterior  crural  nerve  is  distributed  to  the  skin  upon  the 
fore  part  and  inner  side  of  the  thigh,  commencing  below  the  termination  of  the 
ilio-inguinal  and  genito-crural  nerves.  It  furnishes  also  a  cutaneous  nerve 
to  the  inner  side  of  the  leg  and  foot.  All  the  muscles  on  the  front  and  outer 
side  of  the  thigh  receive  their  nerves  from  the  anterior  crural,  and  the  pec- 
tineus  is  also  in  part  supplied  by  this  nerve,  and  in  part  by  the  obturator. 
The  tensor  muscle  of  the  fascia  lata  is  supplied  from  a  different  source, 
viz.,  the  superior  gluteal  nerve.  Lastly,  two  branches  are  given  from  the 
anterior  crural  nerve  to  the  knee-joint. 

FIFTH  LUMBAR  NERVE, 

The  anterior  branch  of  the  fifth  lumbar  nerve,  having  received  a  fasciculus . 
from  the  nerve  next  above  it,  descends  to  join  the  first  sacral  nerve,  and 
form  part  of  the  sacral  plexus.    The  cord  resulting  from  the  union  of  the 
fifth  with  a  part  of  the  fourth  nerve,  is  named  the  lumbosacral  nerve. 

SUPERIOR  GLUTEAL  NERVE. 

Before  joining  the  first  sacral  nerve  the  lumbo-sacral  cord  gives  off  from 
behind  the  superior  gluteal  nerve  ;  this  offset  leaves  the  pelvis  through  tho 
large  sacro-sciatic  foramen,  above  the  pyriformis  muscle,  and  divides  like 
the  gluteal  artery  into  two  branches,  which  are  distributed  chiefly  to  the 
smaller  gluteal  muscles  and  tensor  of  the  fascia  lata. 

(a)  The  upper  branch  runs  with  the  gluteal  artery  along  the  origin  of  the  gluteus 
minimus,  and  is  lost  in  it  and  in  the  gluteus  medius. 

(b)  The  lower  branch  crosses  over  the  middle  of  the  gluteus  minimus,  between 
this  and  the  gluteus  medius,  and  supplying  filaments  to  both  those  muscles,  is  con- 
tinued forwards,  and  terminates  in  the  tensor  muscle  of  the  fascia  lata. 

x  x  2 


663 


THE  SACRAL  NERVES. 


ANTERIOR  PRIMARY  DIVISIONS  OF  THE  SACRAL  AND 
COCCYGEAL  NERVES. 

THE  SACRAL  NERVES. 

The  anterior  divisions  of  the  first  four  sacral  nerves  emerge  from  the 
spinal  canal  by  the  anterior  sacral  foramina,  and  the  fifth  passes  out  between 
the  sacrum  and  coccyx. 

_  The  first  two  sacral  nerves  are  large,  and  of  nearly  equal  size  ;  the  others 
dimmish  rapidly,  and  the  fifth  is  exceedingly  slender.  Like  the  anterior 
divisions  of  the  other  spinal  nerves,  those  of  the  sacral  nerves  communicate 
with  the  sympathetic:  the  communicating  cords  are  very  short,  as  the 
sympathetic  ganglia  are  close  to  the  inner  margin  of  the  foramina  of  the 
sacrum. 

The  first  three  nerves  and  part  of  the  fourth  contribute  to  form  the  sacral 
plexus.  The  fifth  has  no  share  in  the  plexus, — it  ends  on  the  back  of  the 
coccyx.  As  the  description  of  the  fourth  and  fifth  sacral  nerves  and  of  the 
coccygeal  will  occupy  only  a  short  space,  these  three  nerves  may  be  noticed 
first,  before  the  other  nerves  and  the  numerous  branches  to  which  they 
give  rise  are  described. 

THE  FOURTH  SACRAL  NERVE. 

Only  one  part  of  the  anterior  division  of  this  nerve  joins  the  sacral 
plexus  ;  the  remainder,  which  is  nearly  half  the  nerve,  supplies  branches  to 
the  viscera  and  muscles  of  the  pelvis,  and  sends  downwards  a  connecting 
filament  to  the  fifth  nerve. 

(a)  The  visceral  branches  of  the  fourth  sacral  nerve  are  directed  forwards  to  the 
lower  part  of  the  bladder,  and  communicate  freely  with  branches  from  the  sympa- 
thetic nerve.  Offsets  are  distributed  to  the  neighbouring  viscera,  according  to  the 
sex  They  will  be  described  with  the  pelvic  portion  of  the  sympathetic  nerve.  The 
foregoing  branches  are,  in  some  instances,  furnished  by  the  third  sacral  nerve  instead 
of  the  fourth,  and  not  unfrequently  from  both  of  these  nerves. 

(b)  Of  the  muscular  brandies,  one  supplies  the  levator  ani,  piercing  that  muscle 
on  the  pelvic  surface ;  another  enters  the  coccygeus,  whilst  a  third  ends  in  the  external 
sphincter  muscle  of  the  rectum.  The  last  branch,  after  passing  either  through  the 
coccygeus,  or  between  it  and  the  levator  ani,  reaches  the  perineum,  and  is  distributed 
likewise  to  the  integuments  between  the  anus  and  the  coccyx. 

THE  FIFTH  SACRAL  NERVE. 

The  anterior  branch  of  this,  the  lowest  sacral  nerve,  comes  forwards 
through  the  coccygeus  muscle  opposite  the  junction  of  the  sacrum  with  the 
first  coccygeal  vertebra  ;  it  then  descends  upon  the  coccygeus  nearly  to  the 
tip  of  the  coccyx,  where  it  turns  backwards  through  the  fibres  of  that 
muscle,  and  ends  in  the  integument  upon  the  posterior  and  lateral  aspect  of 
the  bone. 

As  soon  as  this  nerve  appears  in  front  of  the  bone  (in  the  pelvis)  it  is  joined 
by  the  descending  filament  from  the  fourth  nerve,  and  lower  down  by  the  small 
anterior  division  of  the  coccygeal  nerve.  It  supplies  small  filaments  to  the  coccygeus 
muscle. 

THE  COCCYGEAL  NERVE. 

The  anterior  branch  of  the  coccygeal,  or,  as  it  is  sometimes  named,  the 
sixth  sacral  nerve,  is  a  very  small  filament.    It  escapes  from  the  spinal 
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canal  by  the  terminal  opening,  pierces  the  sacro-sciatic  ligament  and  the 
coccygeus  muscle,  and  being  joined  upon  the  side  of  the  coccyx  with  the 
fifth  sacral  nerve,  partakes  in  the  distribution  of  that  nerve. 


THE  SACRAL  PLEXUS. 
The  lumbo-sacral  cord  (resulting  as  before  described  from  the  junction  of 


Fig.  441. 


Fig.  441.  —  Diagrammatic 
Outline  op  the  Lombar 
and  Sacral  Plexuses  with 
the  principal  nerves 
arising  from  them.  \ 

The  references  to  the  nerves 
of  the  lumbar  plexus  will  be 
found  at    p.  658.  DXII, 
roots  of  the  last  dorsal  nerve  ; 
LI  to  V,  roots  of  the  five 
lumbar  nerves ;  SI  to  V,  and 
CI,  roots  of  the  five  sacral 
and  the  coccygeal    nerves  ; 
IV',  V,  loop  from  the  an- 
terior primary   branches  of 
the  fourth  and  fifth  lumbar 
nerves,  forming  the  lumbo- 
sacral cord  ;  3,  superior  glu- 
teal nerve  ;  SC,  sacral  plexus 
ending  in  the  great  sciatic 
nerve  ;  4,  lesser  sciatic  nerve, 
rising  from  the  plexus  pos- 
teriorly;  4',  inferior  gluteal 
branches  ;  5,  inferior  puden- 
dal; 5',  posterior  cutaneous 
of  the  thigh  and  leg;  6,  6, 
branches  to  the  obturator  in- 
ternus  and  gemellus  superior  ; 
6',  6',  branches  to  the  ge- 
mellus inferior,  quadratus  and 
hip-joint  ;    7,  twigs  to  the 
pyriformis ;  8,  8,  pudic  from 
tbe  first,  second,  third,  and 
fourth    sacral ;    9,  visceral 
branches ;    9',   twig  to  the 
levator  ani ;   10,  cutaneous 
from  the  fourth,  which  passes 
round  the  lower  border  of  the 
glutens  maximus  ;  11,  coccy- 
geal branches. 


the  fifth  and  part  of  the 
fourth  lumbar  nerves), 
the  anterior  divisions 
of  the  first  three  sacral 
nerves,  and  part  of  the 
fourth,  unite  to  form 
this  plexus.  Its  con- 
struction differs  from 
that  of  the  other  spi- 
nal    nervous  plexuses 

in  this  respect,  that   the  several  constituent  nerves  entering   into  it 
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unite  into  one  broad  flat  cord.  To  the  place  of  union  the  nerves  proceed  in 
different  directions,  that  of  the  upper  ones  being  obliquely  downwards,  while 
that  of  the  lower  is  nearly  horizontal ;  and,  as  a  consequence  of  this 
difference,  they  diminish  in  length  from  the  first  to  the  last.  The  sacral 
plexus  rests  on  the  anterior  surface  of  the  pyriform  muscle,  opposite  the  side 
of  the  sacrum,  and  escaping  through  the  great  sacro-sciatic  foramen,  ends  in 
the  great  sciatic  nerve. 

Branches. — The  sacral  plexus  gives  rise  to  the  great  sciatic  nerve,  and  to 
various  smaller  branches  ;  viz.,  the  pudic  nerve,  the  small  sciatic  nerve,  and 
branches  to  the  obturator  interims,  pyriformis,  gemelli,  and  quadratus 
femoris  muscles. 

MUSCULAR  BRANCHES. 

a.  To  the  pyriformis  muscle,  one  or  more  branches  are  given,  either  from  the  plexus 
or  from  the  upper  sacral  nerves  before  they  reach  the  plexus. 

b.  The  neroe  of  the  internal  obturator  muscle  arises  from  the  part  of  the  plexus 
formed  by  the  union  of  the  lumbo-sacral  and  the  first  sacral  nerves.  It  turns  over 
the  ischial  spine  of  the  hip-bone  with  the  pudic  vessels,  and  is  then  directed  forwards 
through  the  small  sacro-sciatic  foramen  to  reach  the  inner  surface  of  the  obturator 
muscle. 

c.  To  the  levator  ani  one  or  more  twigs  proceed  from  the  lower  part  of  the  plexus. 

d.  The  superior  gemellus  receives  a  small  branch,  which  arises  from  the  lower  part 
of  the  plexus. 

e.  The  small  nerve  which  supplies  the  lower  gemellus  and  quadratus  femoris 
muscles  springs  from  the  lower  part  of  the  plexus.  Concealed  at  first  by  the  great 
sciatic  nerve,  it  passes  beneath  the  gemelli  and  the  tendon  of  the  internal  obturator, 
— between  those  muscles  and  the  capsule  of  the  hip-joint, — and  reaches  the  deep 
(anterior)  surface  of  the  quadratus.  It  furnishes  a  small  articular  filament  to  the 
back  part  of  the  hip-joint. 

THE  PUDIC  NERVE. 

This  nerve,  arising  from  the  lower  part  of  the  sacral  plexus,  turns  over 
the  spine  of  the  ischium,  and  then  passes  forwards  through  the  small  sacro- 
sciatic  foramen,  where  it  usually  gives  off  the  inferior  haeinorrhoidal  branch. 
It  is  next  directed  along  the  outer  part  of  the  ischio-rectal  fossa,  in  a  sheath 
of  the  obturator  fascia,  along  with  the  pudic  vessels,  and  divides  into  two 
terminal  branches,  the  perinseal  nerve  and  the  dorsal  nerve  of  the  penis. 

A. — The  perineal  nerve,  the  lower  and  much  the  larger  of  the  two 
divisions  of  the  pudic  nerve,  lies  below  the  pudic  artery,  and  is  expended  in 
superficial  and  muscular  branches. 

a.  The  superficial  perinatal  branches  are  two  in  number,  anterior  and  posterior. 
The  posterior  branch,  which  first  separates  from  the  perinseal  nerve,  reaching  the  back 
part  of  the  ischio-rectal  fossa,  gives  filaments  inwards  to  the  skin  in  front  of  the 
anus,  and  turns  forwards  in  company  with  the  anterior  branch  to  reach  the  scrotum. 
The  anterior  branch  descends  to  the  fore  part  of  the  ischio-rectal  fossa ;  and,  passing 
forwards  with  the  superficial  perinseal  artery,  ramifies  in  the  skin  on  the  fore  part  of 
the  scrotum  and  on  the  penis.  This  branch  sends  small  twigs  to  the  levator  ani 
muscle.  The  superficial  perinseal  nerves  are  accompanied  to  the  scrotum  by  the 
inferior  pudendal  branch  of  the  small  sciatic  nerve.  The  three  branches  are  some- 
times named  long  scrotal  nerves. 

In  the  female,  both  the  superficial  perinseal  branches  terminate  in  the  external 
labium  pudendi. 

b.  The  muscular  branches  generally  arise  by  a  single  trunk,  which  is  directed 
inwards  under  cover  of  the  transversalis  perincoi  muscle,  and  divides  into  offsets  which 
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are  distributed  to  the  transversalis  pcrinasi,  erector  penis,  accelerator  urines,  and 
compressor  urethras. 

c  Slender  filaments  are  sent  inwards  to  the  corpus  spongiosum  urethras ;  some  of 
these  before  penetrating  the  erectile  tissue,  run  a  considerable  distance  over  its 
surface. 


Fig.  442.— Right  Side  of  the  Fig.  442. 

Interior  of  the  Male  Pelvis, 
with  the  Principal  Nerves 
displayed  (from  Hirschfeld  and 
Leveill6).  \ 

The  left  wall  has  been  removed 
as  far  as  the  sacrum  behind  and 
the  symphysis  pubis  in  front ;  the 
viscera  and  the  lower  part  of  the 
levator  ani  have  been  removed  ; 
a,  the  lower  part  of  the  aorta  ;  a', 
placed  on  the  fifth  lumbar  ver- 
tebra, between  the  two  common 
iliac  arteries,  of  which  the  left  is 
cut  short ;  b,  the  right  external 
iliac  artery  and  vein  ;  c,  the  sym- 
physis pubis  ;  d,  the  divided  py- 
riformis  muscle,  close  to  the  left 
auricular  surface  of  the  sacrum  ; 
e,  bulb  of  the  urethra  covered  by 
the  accelerator  urinas  muscle  ;  the 
membranous  part  of  the  urethra 
cut  short  is  seen  passing  into  it ; 
1 ,  placed  on  the  crest  of  the  ilium 
points  to  the  external  cutaneous 
nerve  of  the  thigh  passing  over 
the  iliacus  muscle ;  2,  placed  on 
the  psoas  muscle  points  to  the 

genito-crural  nerve  ;  3,  obturator  nerve ;  4,  4,  placed  on  the  lumbo-sacral  cords ;  that  of  the 
right  side  points  to  the  gluteal  artery  cut  short ;  4',  the  superior  gluteal  nerve  ;  5,  placed 
on  the  inside  of  the  right  sacral  plexus,  points  by  four  lines  to  the  anterior  divisions  of  the 
four  upper  sacral  nerves,  which,  with  the  lumbo-sacral  cord,  unite  in  the  plexus  ;  5',  placed 
on  the  fifth  piece  of  the  sacrum,  points  to  the  fifth  sacral  nerves  ;  5",  the  visceral  branches 
proceeding  from  the  third  and  fourth  sacral  nerves ;  6,  placed  on  the  lower  part  of 
the  coccyx,  below  the  coccygeal  nerves;  7,  placed  on  the  line  of  division  of  the  pelvic 
fascia,  points  to  the  nerve  of  the  levator  ani  muscle  ;  8,  placed  at  the  lower  border  of  the 
great  sacro-sciatic  ligament,  points  to  the  cutaneous  nerves  of  the  anus  ;  9,  nerve  of  the 
obturator  internus;  10,  the  pudic  nerve  ;  10',  is  placed  above  the  muscular  branches  of  the 
perineal  nerve ;  10",  the  anterior  and  posterior  superficial  perineal  nerves,  and  on  the 
scrotum  the  distribution  of  these  nerves  and  the  inferior  pudendal  nerve  ;  11,  the  right 
dorsal  nerve  of  the  penis  ;  11',  the  nerve  on  the  left  crus  penis  which  is  cut  short ;  12,  the 
continuation  of  the  lesser  sciatic  nerve  on  the  back  of  the  thigh  ;  12',  the  inferior  pudendal 
branch  ;  13,  placed  on  the  transverse  process  of  the  fifth  lumbar  vertebra,  marks  the  lowest 
lumbar  sympathetic  ganglion  ;  14,  placed  on  the  body  of  the  first  piece  of  the  sacrum, 
points  to  the  upper  sacral  sympathetic  ganglia  ;  between  14  and  6,  are  seen  the  remain- 
ing ganglia  and  sympathetic  nervous  cords,  as  well  as  their  union  with  the  sacral  and 
coccygeal  nerves,  and  at  6,  the  lowest  ganglion  or  ganglion  impar. 


B.  — The  dorsal  nerve  of  the  penis,  the  upper  division  of  the  pudic  nerve, 
accompanies  the  pudic  artery  in  its  course  between  the  layers  of  the  deep 
perinaeal  or  sub-pubic  fascia,  and  afterwards  through  the  suspensory 
ligament,  to  reach  the  dorsum  of  the  penis,  along  which  it  passes  as  far  as 
the  glans,  where  it  divides  into  filaments  for  the  supply  of  that  part.  On 
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and  «i,I„,  „f  ft     numef°»B  ofteto  to  the  integument  on  the  upper  surface 

**:Z:  *:zi2  sr* the  prepuce- one  iarge 

corres^ondwt'  ""T8  °f  the  cHtoris  is  much  waller  than  the 

corresponding  branch  in  the  male  ;  it  is  similarly  distributed. 

l»i"T«.e  mfT?r  hmnorrhoidal  nerve  arises  from  the  pudic  nerve  at  the 


Fig.  443. 


branches  to  t  WW  •       f  *  u         Slde  ;  2'  lesser  sciati<=  "erve  ;  2',  its  muscular 

branches  to  the  gluteus  maximus  (right  side) ;  2",  cutaneous  branches  to  the  buttock  (left 

Tnd  ekL  1,  ?U  lf  the,nerveas  Posterior  middle  cutaneous  of  the  thigh  ;  3^2 
th  ™       , lc«taneous  branches;  4,  4,  inferior  pudendal  branch  ;  4',  network  of  this  and 

^t^LTtt?^tnm^^^^P,rfhnerTei  6'  ^io?bTnkchfofL"e 
perineal  branch  -S :  ™J2r ^ik  furfiC,i1  branch  '  7>  the  inte™al  superficial 

k  »t^^y^^JS^  hemorrhoidal orcutaneousanalbraPnches  ; 

skinTAh^anu^nt68  °f  TY-^ in  the  exteraaI  sPhincter  and  in  adjacent 
^i^^SinS2?rretf  *J ^kin  m,f°nt  °f  that  Part'  and  communicate  with 
perineal  nerves  ^  8maU  Bciatic  nerve'  and  with  the  8uP^cial 

Summary  -The  pudic  nerve  supplies  the  perineum,  the  penis,  and  part 
of  the  scrotum,  also  the  urethral  aud  anal  muscles  in  the  male;  and  the 
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clitoris,  labia,  and  other  corresponding  parts  in  the  female.  It  communi- 
cates with  the  inferior  pudendal  branch  of  the  small  sciatic  nerve. 

SMALL  SCIATIC  NERVE. 

The  small  sciatic  nerve  (nervus  ischiadicus  minor)  is  chiefly  a  cutaneous 
nerve,  supplying  the  integument  of  the  lower  part  of  the  buttock,  the  back 
of  the  thigh,  and  upper  part  of  the  calf  of  the  leg;  it  furnishes  also  branches 
to  one  muscle — the  gluteus  maximus. 

This  nerve  is  formed  by  the  union  of  two  or  more  nervous  cords,  derived 
from  the  lower  and  back  part  of  the  sacral  plexus.  Arising  below  the  pyriform 
muscle,  it  descends  beneath  the  gluteus  maximus,  and  at  the  lower  border 
of  that  muscle  comes  into  contact  with  the  fascia  lata.  Continuing  its 
course  downwards  along  the  back  of  the  limb,  it  perforates  the  fascia  a 
little  below  the  knee. 


Fig.  444.  —  Deep  Nerves  in  the 
Gluteal  and  Inferior  Pudendal 
Regions  (from  Hirschfeld  and  Le- 
veille).  i 


Fig.  444. 


a,  Lack  part  of  the  great  trochanter ; 
6,  tensor  vaginae  femoris  muscle ;  c, 
tendon  of  the  obturator  internus  muscle 
near  its  insertion  ;  d,  upper  part  of  the 
vastus  externus ;  e,  coccyx  ;  /,  gracilis 
muscle  ;  between  /  and  d,  the  adductor 
magnus,  semitendinosus  and  biceps 
muscles  ;  *  placed  at  the  meeting  of  the 
crura  penis  above  the  urethra ;  1, 
placed  upon  the  ilium  close  above  the 
sacro-sciatic  notch,  marks  the  superior 
gluteal  nerve,  and  on  the  divided  parts 
of  the  gluteus  medius  muscle,  the  supe- 
rior branch  of  the  nerve ;  1',  on  the 
surface  of  the  gluteus  minimus  muscle, 
the  inferior  branch  of  the  nerve  ;  1", 
branch  of  the  nerve  to  the  tensor  vaginae 
femoris  ;  2 ,  sacral  plexus  and  great 
sciatic  nerve ;  2',  muscular  twig  from 
the  plexus  to  the  pyriformis  ;  2",  mus- 
cular branches  to  the  gemellus  superior 
and  obturator  internus  ;  3,  lesser  sciatic 
nerve ;  3',  placed  on  the  upper  and 
lower  parts  of  the  divided  gluteus 
maximus,  the  inferior  gluteal  muscular  branches  of  the  lesser  sciatic  nerve  ■  3"  the 
cutaneous  branches  of  the  same  nerve  winding  round  the  lower  border  of  the  gluteus 
ITS!  ^  thecontmuat.onof  thelesser  sciatic  nerve  as  posterior  cutaneous  nerve  of 
th  thigh  ;  4   inferior  pudendal  branch  of  the  lesser  sciatic  ;  5,  placed  on  the  lower  part 

fts  ^ltt^irt  IVt^ °rigin  °f  PUdlC  TIVe'  6'  itS  Perineal  ^vision  with 
its  muscular  branches  ,  6,  anterior  or  superior  superficial  perineal  branch  :  6"  posterior 

The  branches  of  the  small  sciatic  nerve  are  as  follows  — 

lowt  ^T^^^2£iStr  f gluteus  r*™* supply  the 

sacral  'plexus  to  the  upper  part  of the mScle         ^  fi[0m  ^ 

borfer^SfSSL6^?"  °f  PrfncIPally  e^rge  from  beneath  the  lower 

a^ler  dtwn. -  m^-us,  arranged  iu  aa  external  and  an  internal  set.  Others 
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a.  The  interned  are  mostly  distributed  to  the  skin  of  the  inner  side  of  the  thigh 
at  the  upper  part.  One  branch,  however,  which  is  much  larger  than  the  rat,  is 
distinguished  as  the  inferior  pudendal. 


Fig.  445.  Fig.  446. 


Fig.  445. — Posterior  Cutaneous  Nerves  of  the  Hip  and  Thigh 
(from  Hirschfeld  and  Leveille).  £ 
a,  gluteus  maximus  muscle  partially  uncovered  by  the  removal  of  a  part  of  the  fascia 
lata,  and  divided  at  its  inferior  part  to  show  the  lesser  sciatic  nerve  ;  6,  fascia  lata  over 
the  glutei  muscles  and  the  outer  part  of  the  hip  ;  c,  d,  part  of  the  semitendinosus,  biceps 
and  semimembranosus  muscles  exposed  by  the  removal  of  the  fascia ;  e,  gastrocnemius  ; 
/,  coccyx  ;  g,  internal  branches  of  the  saphena  vein;  1,  iliac  cutaneous  branches  of  the 
ilio-inguinal  and  ilio-hypogastric  nerves ;  2,  cutaneous  iliac  branches  of  the  last  inter- 
costal ;  3,  posterior  twigs  of  the  external  cutaneous  nerve  of  the  thigh  ;  4,  lesser  sciatic 
nerve  issuing  from  below  the  gluteus  maximus  muscle ;  4',  its  muscular  branches  ; 
4",  its  cutaneous  gluteal  branches  ;  5,  posterior  middle  cutaneous  continued  from 
the  lesser  sciatic  ;  5',  5',  its  inner  and  outer  branches  spreading  on  the  fascia  of  the 
thigh  ;  6,  6,  its  terminal  branches  descending  on  the  calf  of  the  leg  ;  7,  posterior  tibial 
and  fibular  nerves  separating  in  the  popliteal  space ;  8,  lower  posterior  divisions  of  the 
sacral  and  coccygeal  nerves  ;  9,  inferior  pudendal  nerve. 

Fig.  446. — Deep  Posterior  Nerves  op  the  Hip  and  Thigh 
(from  Hirschfeld  and  Leveille).  £ 
a,  gluteus  medius  muscle ;  b,  gluteus  maximus  ;  c,  pyriformis ;  d,  placed  on  the 
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trochanter  major,  points  to  the  tendon  of  the  obturator  internets ;  e,  upper  part  of  the 
femoral  head  of  the  biceps ;  /,  semitendinosus  ;  g,  semimembranosus ;  h,  gastrocnemius  ; 
i,  popliteal  artery ;  1,  placed  on  the  gluteus  minimus  muscle,  points  to  the  superior 
gluteal  nerves ;  2,  inferior  gluteal  branches  of  the  lesser  sciatic ;  3,  placed  on  the  greater 
sacro-sciatic  ligament,  points  to  the  pudic  nerve ;  3',  its  farther  course ;  4,  inferior 
pudendal  ;  5,  placed  on  the  upper  divided  part  of  the  semitendinosus  and  biceps,  points 
to  the  posterior  middle  cutaneous  nerve  of  the  thigh  ;  6,  great  sciatic  nerve,  6',  6',  some 
of  its  muscular  branches  to  the  flexors  ;  7,  internal  popliteal  or  posterior  tibial  nerve  ;  T, 
its  muscular  or  sural  branches  ;  8,  external  popliteal  or  peroneal  nerve;  8',  its  externil 
cutaneous  branch ;  9,  communicating  tibial ;  9',  communicating  peroneal  branch  to  the 
external  saphenous  nerve. 

The  inferior  pudendal  branch  turns  forwards  below  the  ischial  tuberosity  to  reach 
the  perinseum.  Its  filaments  then  extend  forwards  to  the  front  and  outer  part  of  the 
scrotum,  and  communicate  with  one  of  the  superficial  perineal  nerve3.  In  the 
female,  the  inferior  pudendal  branch  is  distributed  to  the  external  labium  pudendi. 

b.  The  external  cutaneous  branches,  two  or  three  in  number,  turn  upwards  in  a 
retrograde  course  to  the  skin  over  the  lower  and  outer  part  of  the  great  gluteal 
muscle.  In  some  instances  one  takes  a  different  course,  descending  and  ramifying 
in  the  integuments  on  the  outer  side  of  the  thigh  nearly  to  the  middle. 

c.  Of  the  lower  branches  some  small  cutaneous  filaments  pierce  the  fascia  of  the 
thigh  above  the  popliteal  space.  One  of  these,  arising  somewhat  above  the  knee-joint, 
is  prolonged  over  the  popliteal  region  to  the  upper  part  of  the  leg. 

Of  the  terminal  twigs,  perforating  the  fascia  lata  opposite  the  lower  part  of  the 
popliteal  space,  one  accompanies  the  short  saphenous  vein  beyond  the  middle  of  the 
leg,  and  others  pass  into  the  integument  covering  the  inner  and  outer  heads  of  the 
gastrocnemius  muscle.  Its  terminal  cutaneous  branches  communicate  with  the  short 
saphenous  nerve. 

GREAT  SCIATIC  NERVE. 

The  great  sciatic  nerve  (nervus  ischiadicus),  the  largest  nerve  in  the  body, 
supplies  the  muscles  at  the  back  of  the  thigh,  and  by  its  branches  of  con- 
tinuation gives  nerves  to  all  the  muscles  below  the  knee  and  to  the  greater 
part  of  the  integument  of  the  leg  and  foot.  The  several  joints  of  the 
lower  limb  receive  filaments  from  it  and  its  branches. 

This  large  nerve  is  continued  from  the  lower  end  of  the  sacral  plexus.  It 
escapes  from  the  pelvis  through  the  great  sacro-sciatic  foramen,  below  the  pyri- 
formis  muscle,  and  reaches  down  below  the  middle  of  the  thigh,  where  it 
separates  into  two  large  divisions,  named  the  internal  and  external  popliteal 
nerves.  At  first  it  lies  in  the  hollow  between  the  great  trochanter  and  the 
ischial  tuberosity,  covered  by  the  gluteus  maximus  and  resting  ou  the 
gemelli,  obturator  internus  and  quadratus  femoris  muscles,  in  company  with 
the  small  sciatic  nerve  and  the  sciatic  artery,  and  receiving  from  that  artery  a 
branch  which  runs  for  some  distance  in  its  substance.  Lower  down  it  rests 
on  the  adductor  magnus,  and  is  covered  behind  by  the  long  head  of  the 
biceps  muscle. 

The  bifurcation  of  the  sciatic  nerve  may  take  place  at  any  point  intermediate  be- 
tween the  sacral  plexus  and  the  lower  part  of  the  thigh;  and,  occasionally,  it  is 
found  to  occur  even  within  the  pelvis,  a  portion  of  the  pyriformis  muscle  being  inter- 
posed between  the  two  great  divisions  of  the  nerve. 

Branches  of  the  trunk. — In  its  course  downwards,  the  great  sciatic  nerve 
supplies  offsets  to  some  contiguous  parts,  viz.,  to  the  hip-joint,  and  to  the 
muscles  at  the  back  of  the  thigh. 

a.  The  articular  branch*  are  derived  from  the  upper  end  of  the  nerve,  and  enter 
the  capsular  ligament  of  the  hip-joint,  on  the  posterior  aspect.  They  sometimes  arise 
from  tho  sacral  plexus. 
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Fig.  447. 


5.  The  muscular  branc7ies  are  given  off  under  cover  of  the  biceps  muscle ;  they 
supply  the  flexors  of  the  leg,  viz.,  the  biceps,  semitendinosus,  and  semimembranosus. 
A  branch  is  likewise  given  to  the  adductor  magnus. 

INTERNAL  POPLITEAL  NERVE. 

The  internal  popliteal  nerve,  the  larger  of  the  two  divisions  of  the  great 
sciatic  nerve,  following  the  same  direction  as  the  parent  trunk,  continues 
along  the  middle  of  the  popliteal  space  to  the  lower  border  of  the  popliteus 
muscle,  beneath  which  point  the  continuation  of  the  trunk  receives  the 
name  of  posterior  tibial    The  internal  popliteal  nerve  lies  at  first  at  a 

considerable  distance  from  the  popliteal  artery, 
at  the  outer  side  and  nearer  to  the  surface ;  but, 
from  the  knee-joint  downwards,  the  nerve, 
continuing  a  straight  course,  is  close  behind 
the  artery,  and  then  crosses  it  rather  to  the 
inner  side. 

Fig.  447. — Posterior  Cutaneous  Nerves  op  the  Leo 
(from  Sappey  after  Hirschfeld  and  LeveiUe").  s 

1 ,  internal  popliteal  division  of  the  great  sciatic  nerve ; 
2,  branch  to  the  internal  part  of  the  gastrocnemius 
muscle  ;  3,  4,  branches  to  the  external  part  and  plan- 
taris  ;  5,  communicating  branch  to  the  external  saphe- 
nous nerve ;  6,  external  popliteal  nerve  ;  7,  cutaneous 
branch  ;  8,  communicating  branch  descending  to  unite 
with  that  from  the  internal  popliteal  in,  9,  the  external 
saphenous  nerve  ;  10,  calcaneal  branch  from  this  nerve  ; 
11,  calcaneal  and  plantar  cutaneous  branches  from  the 
posterior  tibial  nerve  ;  1 2,  internal  saphenous  nerve ; 
13,  posterior  branches  of  this  nerve. 

The  inner  division  of  the  sciatic  nerve,  from  its 
commencement  to  its  partition  at  the  foot,  is  often 
described  in  anatomical  works  under  the  same  appel- 
lation throughout;  the  name  varying,  however,  with 
different  writers,  as  for  example,  "  cruralis  internus," 
or  "  popliteus  internus," — Winslow  :  "  tibialis  pos- 
terior,"—Haller  :  "  tibialis  vel  tibieus," — Fischer,  &c. 

Branches. — The  internal  popliteal  nerve  sup- 
plies branches  to  the  knee-joint  and  to  the 
muscles  of  the  calf  of  the  leg,  and  also  part  of 
a  cutaneous  branch,  the  external  or  short  sa- 
phenous nerve. 

Articular  Nerves. — The  articular  branches  are 
generally  three  in  number ;  two  of  these  accompany 
the  upper  and  lower  articular  arteries  of  the  inner 
side  of  the  knee-joint,  the  third  follows  the  middle 
or  azygos  artery.  These  nerves  pierce  the  ligamentous  tissue  of  the  joint. — The  upper 
one  is  often  wanting. 

Muscular  Branches. — The  muscular  branches  of  the  internal  popliteal 
nerve  arise  behind  the  knee-joint,  while  the  nerve  is  between  the  heads  of 
the  gastrocnemius  muscle  : — 

o.  The  nerves  to  the  gastrocnemius  consist  of  two  branches,  which  separate  one 
to  supply  each  part  of  the  muscle. 
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b.  The  small  nerve  of  the  plantaris  muscle  is  derived  from  the  outer  of  the  branches 
just  described,  or  directly  from  the  main  trunk  (internal  popliteal). 

c.  The  soleus  receives  a  branch  of  considerable  size,  which  enters  the  muscle  on  the 
posterior  aspect  after  descending  to  it  in  front  of  the  gastrocnemius. 

d.  The  nerve  of  the  popliteus  muscle  lies  deeper  than  the  preceding  branches,  and 
arises  somewhat  below  the  joint :  it  descends  along  the  outer  side  of  the  popliteal 
vessels,  and,  after  turning  beneath  the  lower  border  of  the  muscle,  enters  the  deep  or 
anterior  surface. 

EXTERNAL  OR  SHORT  SAPHENOUS  NERVE. 

^  The  cutaneous  branch  of  the  internal  popliteal  nerve  (ramus  communicans 
tibialis)  descends  along  the  leg  beneath  the  fascia,  resting  on  the  gastro- 
cnemius, in  the  furrow  between  the  heads  of  the  muscle,  to  about  midway 
between  the  knee  and  the  foot.  Here  it  perforates  the  fascia,  and  a  little 
lower  down  is  usually  joined  by  a  branch  from  the  external  popliteal  nerve 
(communicans  peronei).  After  receiving  this  communicating  branch,  the 
external  saphenous  nerve  descends  beneath  the  integument  near  the  outer 
side  of  the  tendo  Achillis  in  company  with  the  short  saphenous  vein,  and 
turns  forwards  beneath  the  outer  malleolus  to  end  in  the  skin  at  the  side  of 
the  foot  and  on  the  little  toe.  On  the  dorsum  of  the  foot  this  nerve  com- 
municates with  the  musculo-cutaneous  nerve. 

In  many  cases,  the  external  saphenous  nerve  supplies  the  outer  side  of  the  fourth  toe 
as  well  as  the  little  toe.  The  uaion  between  the  saphenous  nerve  and  the  branch  of 
the  external  popliteal  nerve  occurs  in  some  cases  higher  than  usual,  occasionally  even 
at  or  close  to  the  popliteal  space.  It  sometimes  happens  that  the  communication 
between  the  nerves  is  altogether  wanting;  in  which  case  the  cutaneous  nerve  to  the 
foot  is  generally  continued  from  the  branch  of  the  internal  popliteal  nerve. 

POSTERIOR  TIBIAL  NERVE. 

The  internal  popliteal  nerve  receives  the  name  of  posterior  tibial  at  the 
lower  margin  of  the  popliteus  muscle.    It  passes  down  the  leo-  with  the  nos 
tenor  tibial  artery,  lying  for  a  short  distance  at  the  inner  side  of  the  vessel 
and  afterwards  at  the  outer  side  ;  the  artery  inclining  inwards  from  its  origin 
whde  the  nerve  continues  its  straight  course.    In  the  interval  between  the 
inner  malleolus  and  the  heel,  it  divides  into  the  two  plantar  nerves  (internal 
and  external).    The  posterior  tibial  nerve,  like  the  accompanying  vessels  is 
covered  at  first  by  the  muscles  of  the  calf  of  the  leg,  afterwards  only  by 
the  integument  and  fascia,  and  it  rests  upon  the  deep-seated  muscles 
_   Lateral  branches—The  deep  muscles  on  the  back  of  the  lee  and  +h« 
integument  of  the  sole  of  the  foot  receive  branches  from  the  posterior  tibial 
nerve  m  its  course  along  the  leg.  v^w-ivr  uiDiai 

a.  The  muscular  brandies  emanate  from  the  unner  nart  nf  +T,a  r,0,™  -*i 
rately  or  by  a  common  trunk;  and  one  is  distraE 

viz.,  the  tibialis  posticus,  the  long  flexor  of  the  iZTL ^  ,  fltbe  deep  musctes' 
toe.  The  brand  which  ~*^£^^^^«*^ 
artery  before  penetrating  the  muscle.  <"oug  ine  peroneal 

b.  A  calcaneo-plantar  cutaneous  branch  is  furnished  from  th*  , 

the  plantar  part  perforates  the  internal  annular  1^  ner7G 
ment  at  the  inner  side  of  the  sole  of  the  foot! aKSh  2e  * 

INTERNAL  PLANTAR  NERVE. 

The  internal  plantar,  the  larger  of  thn  +w«  „„„„  ±1 

into  which  the  posterior  tibial  divides  LlZZl +,°  °f  *he  f°0t> 

ii  i  uw'  accompanies  the  internal  or  smalW 

plantar  artery,  and  supplies  nerves  to  both  sides  of  +h«  +hl«l  I  I 

to  one  side  of  the  fourth.    From  the  noin+  If   t  i    .        mner  t0eS>  and 

om  iae  P01nt  at  which  it  separates  from  the 
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posterior  tibial  nerve,  it  is  directed  forwards  under  cover  of  the  first  part  of 
the  abductor  of  the  great  toe,  and,  passing  between  that  muscle  and  tie 
short  flexor  of  the  toes,  it  gives  off  the  internal  cutaneous  brauch  for  the 
great  toe,  and  divides  opposite  the  middle  of  the  foot  into  three  digital 
branches.  The  outermost  of  there  branches  communicates  with  the  external 
plantar  nerve. 

Branches. — a.  Small  muscular  branches  are  supplied  to  the  abductor  pollicis  and 
flexor  brevis  digitorum. 

b.  Small  plantar  cutaneous  branches  perforate  the  plantar  fascia  to  ramify  in  the 
integument  of  the  sole  of  the  foot. 

c.  The  digital  branches  are  named  numerically  from  within  outwards :  the  three 
outer  pass  from  under  cover  of  the  plantar  fascia  near  the  cleftR  between  the  toes. 
The  first  or  innermost  branch  continues  single,  but  the  other  three  bifurcate  to  supply 
the  adjacent  sides  of  two  toes.    These  branches  require  separate  notice. 

The  fast  digital  branch  is  that  destined  for  the  inner  side  of  the  great  toe ;  it 
becomes  subcutaneous  farther  back  than  the  others,  and  sends  off  a  branch  to  the 
flexor  brevis  pollicia. 


Fig.  418. 


Fig.  448. — Superficial  and  Deep  Distribution  of 
the  Plantar  Nerves  (from  Hirschfeld  and  Le- 
veille',  slightly  modified).  £ 


The  flexor  communis  brevis,  the  abductor 
pollicis  and  abductor  minimi  digiti,  a  part  of  the 
tendons  of  the  flexor  communis  longus,  together  with 
the  lumbricales  muscles,  have  been  removed  so  as  to 
bring  into  view  the  transversus  and  iuterossei  in  the 
middle  of  the  foot. 

a,  upon  the  posterior  extremity  of  the  flexor  com- 
munis brevis,  near  which,  descending  over  the  heel, 
are  seen  ramifications  of  the  calcaneal  branch  of 
the  posterior  tibial  nerve ;  b,  abductor  pollicis  ;  c, 
tendon  of  the  flexor  communis  longus  divided  close  to 
the  place  where  it  is  joined  by  the  flexor  accessorius  ; 
d,  abductor  minimi  digiti ;  e,  tendon  of  the  flexor 
longus  pollicis  between  the  two  portions  of  the  flexor 
brevis  pollicis  ;  1,  internal  plantar  nerve  giving  some 
twigs  to  the  abductor  pollicis,  and  1',  a  branch  to  the 
flexor  communis  brevis,  cut  as  it  lies  on  the  acces- 
sorius ;  2,  inner  branch  of  the  internal  plantar  nerve 
giving  branches  to  the  abductor  pollicis,  flexor  brevis 
pollicis,  and  forming,  2',  the  internal  cutaneous  of 
the  great  toe  ;  3,  continuation  of  the  internal  plantar 
nerve,  dividing  subsequently  into  three  branches, 
which  form,  3',  3',  3',  the  collateral  plantar  cutaneous 
nerves  of  the  first  and  second,  second  and  third,  and 
third  and  fourth  toes  ;  4,  the  external  plantar  nerve  ; 
4',  its  branch  to  the  abductor  minimi  digiti ;  5,  twig 
of  union  between  the  plantar  nerves  ;  6,  superficial 
branch  of  the  external  plantar  nerve  ;  subsequently 
dividing  into  6',  6',  the  collateral  cutaneous  nerves  of 
the  fourth  and  fifth  toes  and  the  external  nerve  of  the  fifth  ;  7,  deep  branch  of  the 
external  plantar  nerve  giving  twigs  to  the  adductor  pollicis,  the  interossei,  the  trans- 
versalis,  and  to  the  third  and  fourth  lumbricales  muscles. 

The  second  branch  having  reached  the  interval  between  the  first  and  second  meta- 
tarsal bones,  furnishes  a  small  twig  to  the  first  lumbricalis  muscle,  and  bifurcates 
behind  the  cleft  between  the  great  toe  and  the  second  to  supply  their  contiguous 

sides.  ■ 

The  third  digital  branch,  corresponding  with  the  second  interosseous  space,  gives 
a  slender  filament  to  the  second  lumbricalis  muscle,  and  divides  in  a  manner  similar 
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to  that  of  the  second  branch  into  two  offsets  for  the  sides  of  the  second  and  third 
toes. 

The  fourth  digital  branch,  distributed  to  the  adjacent  sides  of  the  third  and  fourth 
toes,  receives  a  communicating  branch  from  the  external  plantar  nerve. 

Along  the  sides  of  the  toes,  cutaneous  and  articular  filaments  are  given  from  these 
digital  nerves ;  and,  opposite  the  ungual  phalanx,  each  sends  a  dorsal  branch  to  the 
pulp  beneath  the  nail,  and  then  runs  on  to  the  ball  of  the  toe,  where  it  is  distributed 
like  the  nerves  of  the  fingers. 

EXTERNAL  PLANTAR  NERVE. 

The  external  plantar  nerve  completes  the  supply  of  digital  nerves  to  the 
toes,  furnishing  branches  to  the  little  toe  and  half  the  fourth:  it  also  gives  a 
deep  branch  of  considerable  size,  which  is  distributed  to  several  of  the  short 
muscles  in  the  sole  of  the  foot.  There  is  thus  a  great  resemblance 
between  the  distribution  of  this  nerve  in  the  foot  and  that  of  the  ulnar 
nerve  in  the  hand. 

The  external  plantar  nerve  runs  obliquely  forwards  towards  the  outer  side 
of  the  foot,  along  with  the  external  plantar  artery,  between  the  flexor  brevis 
digitorum  and  the  flexor  accessorius,  as  far  as  the  interval  between  the 
former  muscle  and  the  abductor  of  the  little  toe.  Here  it  divides  into  a 
superficial  aud  a  deep  branch,  having  previously  furnished  offsets  to  the 
flexor  accessorius  and  the  abductor  minimi  digiti. 

a.  The  superficial  portion  separates  into  two  digital  branches,  which  have  the  same 
general  arrangement  as  the  digital  branches  of  the  internal  plantar  nerve.  They  are 
distributed  thus : — 

Digital  branches.— One  of  the  digital  branches  continues  undivided,  and  runs 
along  the  outer  side  of  the  little  toe :  it  is  smaller  than  the  other,  and  pierces 
the  plantar  fascia  further  back.  The  short  flexor  muscle  of  the  little  toe,  and 
occasionally  one  or  two  interosseous  muscles  of  the  fourth  metatarsal  space  receive 
branches  from  this  nerve. 

The  larger  digital  branch  communicates  with  an  offset  from  the  internal  plantar 
nerve,  and  bifurcates  near  the  cleft  between  the  fourth  and  fifth  toes  to  supply  one 
side  of  each. 

b.  The  deep  or  muscular  branch  of  the  external  plantar  nerve  dips  into  the  sole  of 
the  foot  with  the  external  plantar  artery,  under  cover  of  the  tendons  of  the  flexor 
muscles  and  the  adductor  pollicis,  and  terminates  in  numerous  branches  for  the  fol- 
lowing muscles :— all  the  interossei  (dorsal  and  plantar)  except  occasionally  one  or 
both  of  those  in  the  fourth  space,  the  two  outer  lumbricales,  the  adductor  pollicis 
and  the  transversalis  pedis.  ' 

Summary  of  the  internal  popliteal  nerve. — This  nerve  supplies  all  the 
muscles  of  the  back  of  the  leg  and  sole  of  the  foot,  and  the  integument  of 
the  plantar  aspect  of  the  toes,  the  sole  of  the  foot,  and  in  part  that  of 
the  leg. 

EXTERNAL  POPLITEAL  OR  PERONEAL  NERVE. 

This  nerve  descends  obliquely  along  the  outer  side  of  the  popliteal  space 
lying  close  to  the  biceps  muscle.  Continuing  downwards  over  the  outer 
part  of  the  gastrocnemius  muscle  (between  it  and  the  biceps)  below  the  head 
of  the  fibula,  the  nerve  turns  round  that  bone,  passing  between  it  and  the 
peroneus  longus  muscle,  and  then  divides  into  the  anterior  tibial  and  the 
musculo-cutaneous  nerves. 

Lateral  branches.  -Some  articular  and  cutaneous  branches  are  derived 
from  the  external  popliteal  nerve  before  its  final  division 

Articular  Nerves.  The  articular  branches  are  conducted  to  the  outer 
side  of  the  capsular  ligament  of  the  knee-joint  by  the  upper  and  lower 
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articular  arteries  of  that  side.  They  sometimes  arise  together,  and  the 
upper  one  occasionally  springs  from  the  great  sciatic  nerve  before  the  bifur- 
cation. 

From  the  place  of  division  of  the  external  popliteal  nerve,  a  recurrent 
articular  nerve  ascends  through  the  tibialis  anticus  muscle  with  the  recur- 
rent artery  to  reach  the  fore  part  of  the  knee-joint. 


Fig.  449. — Cutaneous  Nerves  of  the 
Outer  Side  of  the  Leo  and  Foot 
(from  Sappey  after  Hirschfeld  and 
Leveille).  £ 

1,  external  popliteal  nerve;  2,  its 
external  cutaneous  branch  ;  3,  communi- 
cating branch  which  unites  with  4,  that 
from  the  internal  popliteal  in  5,  the  ex- 
ternal saphenous  nerve;  6,  calcaneal 
branch  of  the  external  saphenous;  7, 
external  dorsal  digital  branch  to  the  fifth 
toe ;  8,  collateral  dorsal  digital  branch 
of  the  fourth  and  fifth  toes  ;  9,  musculo- 
cutaneous nerve  ;  10,  its  cutaneous 
branches  ;  11,  loop  of  union  with  the 
external  saphenous;  12,  union  between 
its  outer  and  inner  branches  ;  13,  an- 
terior tibial  nerve,  shown  by  the  removal 
of  a  part  of  the  muscles,  and  giving 
muscular  branches  superiorly  ;  14,  its 
terminal  branch  emerging  in  the  space 
between  the  first  and  second  toes,  where 
it  gives  the  collateral  dorsal  digital 
branches  to  their  adjacent  sides. 

Cutaneous  Nerves. — The  cuta- 
neous branches,  two  or  three  in 
number,  supply  the  skin  on  the 
back  part  and  outer  side  of  the 
leg. 

The  peroneal  communicating 
branch  (r.  communicans  fibularis), 
which  joins  the  short  saphenous 
nei"ve  below  the  middle  of  the 
back  of  the  leg,  is  the  largest  of 
these  nerves.  In  some  instances, 
it  continues  a  separate  branch  and 
its  cutaneous  filaments  reach  down 
to  the  heel  or  on  to  the  outside  of 
the  foot. 

Another  cutaneous  branch  extends  along  the  outer  side  of  the  leg  to  the 
middle  or  lower  part,  sending  offsets  both  backwards  and  forwards. 


MUSCULO-CUTANEOUS  NERVE. 

The  musculocutaneous  (peroneal)  nerve  descends  between  the  peronei 
muscles  and  the  long  extensor  of  the  toes,  and  reaches  the  surface  by  per- 
forating the  fascia  in  the  lower  part  of  the  leg  on  the  anterior  aspect.  It 
then  divides  into  two  branches,  distinguished  as  external  and  internal, 
which  proceed  to  the  toes.  The  two  branches  sometimes  perforate  the 
fascia  at  a  different  height. 


PERONEAL  NERVE. 
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(a)  Muscular  branches  are  given  to  the  peroneus  longus  and  peroneus  brevis. 
(£>)  Cutaneous  branches  given  off  before  the  final  division  are  distributed  to  the  lower 
part  of  the  leg. 

(c)  The  internal  branch  of  the  musculocutaneous  nerve,  passing  forwards  along 
the  dorsum  of  the  foot,  furnishes  one  branch  to  the  inner  side  of  the  great  toe,  and 
others  to  the  contiguous  sides  of  the  second  and  third  toes.  It  gives  other  offsets 
which  extend  over  the  inner  ankle  and  side  of  the  foot.  This  nerve  communicates 
with  the  long  saphenous  nerve  on  the  inner  side  of  the  foot,  and  with  the  anterior 
tibial  nerve  between  the  first  and  second  toes. 


Fig.  450. — Vikw  of  the  Distribution  of  the 
Branches  of  the  External  Popliteal  Nerve  in 
the  Front  of  the  Leg  and  Dorsum  of  the  Foot 
(from  Hirschfeld  and  Leveilld).  | 


The  upper  part  of  the  peroneus  longns  muscle  has 
been  removed,  the  tibialis  anticus,  the  long  extensor  of 
the  great  toe  and  the  peroneus  longus  have  been  drawn 
separate  in  the  leg  by  hooks  marked  a,  b,  and  c,  and 
the  tendons  of  the  extensor  muscles,  have  been  removed 
in  the  dorsum  of  the  foot,  to  show  the  deeper  seated 
nerves ;   1,  the  external  popliteal  or  peroneal  nerve 
winding  round  the  upper  part  of  the  fibula;  1',  its 
recurrent  articular  branches  exposed  by  the  dissection 
of  the  upper  part  of  the  tibialis  anticus  muscle;  2,  2, 
the  musculocutaneous  nerve  ;  2',  2',  twigs  to  the  long 
and  short  peroneal  muscles  ;  3,  internal  branch  of  the 
musculocutaneous  nerve ;  3',  3',    its  dorsal  digital 
branches  to  the  inside  of  the  great  toe,  and  to  the 
adjacent  sides  of  the  second  and  third  toes;  4,  the 
external  branch  ;  4',  4',  its  dorsal  digital  branches  to 
the  adjacent  sides  of  the  third  and  fourth  toes,  and  in 
part  to  the  space  between  the  fourth  and  fifth  toes  ; 
5,  the  external  saphenous  nerve  descending  on  the 
outer  border  of  the  foot,   and  uniting  at  two  places 
with  the  outer  branch  of  the  musculo-cutaneous  ;  6', 
its  branch  to  the  outer  side  of  the  fifth  toe ;  6,  placed 
on  the  upper  part  of  the  extensor  communis  digitorum, 
marks  the  anterior  tibial  nerve  passing  beneath  the 
muscles;  6,  placed  farther  down  on  the  tendon  of  the 
tibialis  anticus,  points  to  the  nerve  as  it  crosses  to 
the  inside  of  the  anterior  tibial  artery  ;  6',  its  muscular 
branches  in  the  leg  ;  6",  on  the  tendon  of  the  extensor 
longus  pollicis  points  to  the  anterior  tibial  nerve  after 
it  has  passed  into  the  foot  behind  that  tendon;  7, 
its  inner  branch  uniting  with  a  twig  of  the  musculo- 
cutaneous, and  giving  the  dorsal  digital  nerves  to  the 
adjacent  sides  of  the  first  and  second  toes ;  8,  distri- 
bution of  its  outer  branch  to  the  extensor  brevis  digi- 
torum and  tarsal  articulations. 

(d)  The  external  branch,  larger  than  the  internal 
one,  descends  over  the  foot  towards  the  fourth  toe, 
which,  together  with  the  contiguous  borders  of  the 
third  and  fifth  toes,  it  supplies  with  branches. 
Cutaneous  nerves,  derived  from  this  branch,  spread  over  the  outer  ankle  and  the 
outer  side  of  the  foot,  where  they  are  connected  with  the  short  saphenous  nerve 
1  he  dorsal  digita  nerves  are  continued  on  to  the  last  phalanges  of  the  toes 
The  number  of  toes  supplied  by  each  of  the  two  divisions  of  the  musculo-cuta- 
neou  nerve  ,s  liable  to  vary  ;  together  these  nerves  commonly  supply  all  the  toes  on 
tne  aorsai  aspect,  excepting  the  outer  side  of  the  little  toe,  which  receives  a  branch 
Z  f*°.rt  »Phen°™  ne™<  ,andtbe  ad><*nt  sides  of  the  great  toe  and  the  second 
toe,  to  which  the  anterior  tibial  nerve  is  distributed  :  with  this  latter  branch,  how- 
ever, it  generally  communicates. 
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SYNOPSIS  OF  CUTANEOUS  NERVES. 


ANTERIOR  TIBIAL  NERVE. 

The  anterior  tibial  (interosseous  nerve),  commencing  between  the  fibula 
and  the  peroneus  longus,  inclines  obliquely  beneath  the  long  extensor  of 
the  toes  to  the  fore  part  of  the  interosseous  membrane,  and  there  comes 
into  contact  with  the  anterior  tibial  vessels,  and  with  those  vessels  it 
descends  to  the  front  of  the  ankle  joint,  where  it  divides  into  an  external 
and  an  internal  branch.  The  nerve  first  reaches  the  outer  side  of  the 
anterior  tibial  artery,  above  the  middle  of  the  leg ;  and,  after  crossing  in 
front  of  that  vessel  once  or  oftener,  lies  to  the  inner  side  of  it  at  the  bend 
of  the  ankle. 

{a)  Muscular  branches.— In  its  course  along  the  leg,  the  anterior  tibial  nerve 
gives  slender  filaments  to  the  muscles  between  which  it  is  placed,  namely,  the  tibialis 
anticus,  the  long  extensor  of  the  toes,  and  the  special  extensor  of  the  great  toe. 

(b)  The  external  branch  of  the  anterior  tibial  nerve,  turns  outwards  over  the  tarsus 
beneath  the  short  extensor  of  the  toes ;  and,  having  become  enlarged  (like  the  pos- 
terior interosseous  nerve  on  the  wrist)  terminates  in  branches  which  supply  the  short 
extensor  muscle,  and  likewise  the  articulations  of  the  foot. 

(c)  The  internal  branch,  continuing  onwards  in  the  direction  of  the  anterior  tibial 
nerve,  accompanies  the  dorsal  artery  of  the  foot  to  the  first  interosseous  space,  and 
ends  in  two  branches,  which  supply  the  integument  on  the  neighbouring  sides  of  the 
great  toe  and  the  second  toe  on  their  dorsal  aspect.  It  communicates  with  the  inter- 
nal division  of  the  musculo-cutaneous  nerve. 

Summary  of  the  external  popliteal  nerve. — This  nerve  supplies,  besides 
articular  branches  to  the  knee,  ankle,  and  foot,  the  peronei  muscles,  extensor 
muscles  of  the  foot,  also  the  integument  of  the  front  of  the  leg  and  dorsum 
of  the  foot.  It  gives  the  ramus  communicans  fibulaiis  to  the  short 
saphenous  branch  of  the  internal  popliteal  nerve,  and  communicates  with 
the  long  saphenous  nerve. 


SYNOPSIS  OF  THE  CUTANEOUS  DISTRIBUTION  OF  THE 
CEREBRO-SPINAL  NERVES. 

Head. — The  face  and  head  in  front  of  the  ear  are  supplied  with  sensory 
nerves  from  the  fifth  cranial  nerve.  The  ophthalmic  division  supplies 
branches  to  the  forehead,  upper  eyelid,  aud  dorsum  of  the  nose.  The 
superior  maxillaiy  division  supplies  the  cheek,  ala  of  the  nose,  upper  lip, 
lower  eyelid,  and  the  region  behind  the  eye,  over  the  temporal  fascia.  The 
inferior  maxillary  division  supplies  the  chin  and  lower  lip,  the  pinna  of  the 
ear  on  its  outer  side,  and  the  integument  in  front  of  the  ear  and  upwards  to 
the  vertex  of  the  head. 

The  head,  behind  the  ear,  is  mainly  supplied  by  the  great  occipital  branch 
of  the  posterior  division  of  the  second  spinal  nerve,  but  above  the  occipital 
protuberance  there  is  also  distributed  the  branch  from  the  posterior  division  of 
the  third  spinal  nerve;  and,  in  front  of  the  area  of  the  great  occipital  nerve,  is 
a  space  supplied  by  anterior  divisions  of  spinal  nerves,  viz.,  the  back  of  the 
pinna  of  the  ear,  together  with  the  integument  behind  and  that  in  front  over 
the  parotid  gland,  which  are  supplied  by  the  great  auricular  nerve  ;  while 
between  the  area  of  that  nerve  and  the  great  occipital  the  small  occipital 
nerve  intervenes.  The  auricular  branch  of  the  pneumo-gastric  nerve  also 
is  distributed  on  the  back  of  the  ear. 

Tronk. — The  posterior  divisions  of  the  spinal  nerves  supply  an  area, 
extending  on  the  back  from  the  vertex  of  the  skull  to  the  buttock.  This 
area  is  narrow  in  the  neck ;  it  is  spread  out  over  the  back  of  the  scapula ; 
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and  on  the  buttock  the  distribution  of  the  lumbar  nerves  extends  to  the 
trochanters. 

The  area  supplied  by  the  cervical  plexus,  besides  extending  upwards,  as 
already  mentioned,  on  the  lateral  part  of  the  skull,  stretches  over  the 
front  and  sides  of  the  neck,  and  the  upper  part  of  the  shoulder  and  breast. 

The  area  of  the  anterior  divisions  of  the  dorsal  and  first  lumbar  nerves  meets 
superiorly  with  that  of  the  cervical  plexus,  and  posteriorly  with  that  of  the 
posterior  divisions  of  dorsal  and  lumbar  nerves.  It  passes  down  over  the 
haunch  and  along  by  the  outer  part  of  Poupart's  ligament,  and  includes 
part  of  the  scrotum  and  a  small  portion  of  the  integument  of  the  thigh 
internal  to  the  saphenous  opening. 

The  perinozum  and  penis  are  supplied  by  the  pudic  nerve  ;  the  scrotum  by 
branches  of  the  pudic,  inferior  pudendal,  and  ilio-inguinal  nerves. 

Upper  Limb. — The  shoulder,  supplied  superiorly  by  the  cervical  plexus, 
receives  its  cutaneous  nerves  inferiorly  as  far  as  the  insertion  of  the  deltoid 
from  the  circumflex  nerve. 

The  arm  internally  is  supplied  by  the  intercosto- humeral  nerve  and  the 
nerve  of  Wrisberg.  The  inner  and  anterior  part  is  supplied  by  the  internal 
cutaneous  nerve  ;  and  the  posterior  and  outer  part  by  the  internal  and 
external  branches  of  the  musculo-spiral  nerve. 

The  forearm,  anteriorly  and  on  the  outer  side,  is  supplied  by  the 
external  cutaneous  ;  on  its  outer  and  posterior  aspect,  superiorly  by  the 
external  cutaneous  branches  of  the  musculo-spiral,  and  inferiorly  by  the 
radial  branch  of  the  same  nerve.  On  the  inner  side,  both  in  front  and 
behind,  is  the  internal  cutaneous  nerve,  and  inferiorly  are  branches  of  the 
ulnar. 

On  the  bach  of  the  hand  are  the  radial  and  ulnar  nerves,  the  radial 
supplying  about  three  fingers  and  a  half  or  less,  and  the  ulnar  one  and  a 
half  or  more. 

On  the  front  of  the  hand,  the  median  nerve  supplies  three  fingers  and  a 
half,  and  the  ulnar  one  and  a  half.  In  the  palm  is  a  branch  of  the  median 
given  off  above  the  wrist.  On  the  ball  of  the  thumb  are  branches  of  the 
musculo-cutaneous,  median,  and  radial  nerves. 

Lower  Limb. — The  buttock  is  supplied  from  above  by  the  cutaneous 
branches  of  the  posterior  divisions  of  the  lumbar  nerves  with  the  ilio-hypo- 
gastric  and  lateral  branches  of  the  last  dorsal  nerves  ;  internally  by  the 
posterior  divisions  of  the  sacral  nerves  ;  externally  by  the  posterior  branch 
of  the  external  cutaneous  nerve  proceeding  from  the  front ;  and  inferiorly 
by  branches  of  the  small  sciatic  nerve  proceeding  from  below. 

The  thigh  is  supplied  externally  by  the  external  cutaneous  nerve; 
posteriorly,  and  in  the  upper  half  of  its  inner  aspect,  by  the  small  sciatic  ; 
anteriorly,  and  in  the  lower  half  of  the  inner  aspect,  by  the  middle  and 
internal  cutaneous. 

The  leg  is  supplied  posteriorly  by  the  small  sciatic  and  short  saphenous 
nerves  ;  internally  by  the  long  saphenous  and  branches  of  the  internal 
cutaneous  of  the  thigh  5  and  outside  and  in  front  by  cutaneous  branches  of 
the  external  popliteal  nerve,  and  by  its  musculo-cutaneous  branch. 

On  the  dorsum  of  the  foot  are  the  branches  of  the  musculo-cutaneous, 
supplying  all  the  toes  with  the  exception  of  the  adjacent  sides  of  the  first 
and  second,  which  are  supplied  by  the  anterior  tibial,  and  the  outer  side  of 
the  little  toe,  which,  with  the  outer  side  of  the  foot,  is  supplied  by  the  short 
saphenous  nerve.  The  long  saphenous  is  the  cutaneous  nerve  on  the  inner 
side  of  the  foot. 
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The  sole  of  the  foot  is  supplied  by  the  plantar  nerves.  The  internal 
plantar  nerve  gives  branches  to  three  toes  and  a  half  ;  the  external  to  the 
remaining  one  toe  and  a  half. 


SYNOPSIS  OF  THE  MUSCULAR  DISTRIBUTION  OF  THE 
CEREBRO-S  PINAL  NERVES. 

MUSCLES  OF  THE  HEAD  AND  FORE  PART  OF  THE  NECK. 

The  muscles  of  the  orbit  are  mostly  supplied  by  the  third  cranial  nerve— 
the  superior  division  of  that  nerve  being  distributed  to  the  levator  palpebrae 
and  the  superior  rectus  muscles  ;  and  the  inferior  division  to  the  inferior  and 
internal  recti  and  the  inferior  oblique.  The  superior  obbque  muscle  is  supplied 
by  the  fourth  nerve,  the  external  rectus  by  the  sixth  ;  while  the  tensor 
tarsi  has  no  special  nerve  apart  from  those  of  the  orbicularis  palpebrarum, 
which  are  derived  from  the  facial. 

The  superficial  muscles  of  the  face  ana"  scalp,  which  are  associated  in  their 
action  as  a  group  of  muscles  of  expression,  are  supplied  by  the  portio  dura 
of  the  seventh  cranial  nerve  5  the  retrahens  auriculam  and  occipitalis 
muscles  being  supplied  by  the  posterior  auricular  branch. 

The  deep  muscles  of  the  face,  employed  in  mastication,  viz.,  the  temporal, 
masseter,  buccinator  and  two  pterygoid  muscles,  are  suppUed  by  the  inferior 
maxillary  division  of  the  fifth  cranial  nerve. 

Muscles  above  the  hyoid  bone. — The  mylo-hyoid  muscle  and  anterior  belly 
of  the  digastric  are  supplied  by  a  special  branch  of  the  inferior  maxillary 
division  of  the  fifth  cranial  nerve  ;  the  posterior  belly  of  the  digastric 
muscle,  and  the  stylo-hyoid,  are  supplied  by  branches  of  the  portio  dura.  The 
genio-hyoid  and  the  muscles  of  the  tongue  receive  their  nervous  supply 
from  the  hypoglossal  nerve. 

The  muscles  ascendiny  to  the  hyoid  bone  and  larynx,  viz.,  the  sterno-hyoid, 
omo-hyoid,  and  sterno-thyroid,  are  supplied  from  the  ramus  descendens  noni 
and  its  loop  with  the  cervical  plexus,  while  the  thyro-hyoid  muscle  receives 
a  separate  twig  from  the  ninth  nerve. 

The  larynx,  pharynx,  and  soft  ftulatc- — The  crico-thyroid  muscle  is  sup- 
plied by  the  external  laryngeal  branch  of  the  pneumo-gastric  nerve,  and  the 
other  intrinsic  muscles  of  the  larynx  by  the  recurrent  laryngeal.  The 
muscles  of  the  pharynx  are  supplied  principally  by  the  pharyngeal  branch  of 
the  pneumo-gastric ;  the  stylo-pharyngeus,  however,  is  supplied  by  the 
glosso-pharyngeal  nerve.  Of  the  muscles  of  the  soft  palate  unconnected 
with  the  tongue  or  pharynx,  the  tensor  palati  receives  its  nerve  from  the  otic 
ganglion  (which  also  supplies  the  tensor  tympani)  ;  the  levator  palati  gets  a 
twig  (Meckel)  from  the  posterior  palatine  branch  of  the  spheno-palatine 
ganglion,  and  the  azygos  uvulae  is  probably  supplied  from  the  same  source. 

MUSCLES  BELONGING  EXCLUSIVELY  TO  THE  TRUNK,   AND  MUSCLES 
ASOENDING  TO  THE  SKULL. 

All  those  muscles  of  the  back  which  are  unconnected  with  the  upper  lirnb, 
viz.,  the  posterior  serrati,  the  splenius,  complexus,  erector  spinfe,  and  the 
muscles  more  deeply  placed,  receive  their  supply  from  the  posterior  divisions 
of  the  spinal  nerves. 

The  sterno-mastoid  is  supplied  by  the  spinal  accessory  nerve  and  a  twig 
of  the  cervical  ploxus  coming  from  the  second  cervical  nerve. 
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The  rectus  capitis  anticus  major  and  minor  are  supplied  by  twigs  from  the 
upper  cervical  nerves  ;  the  longus  colli  and  scaleni  muscles  by  twigs  from 
the  lower  cervical  nerves. 

The  muscles  of  the  chest,  viz.,  the  intercostals,  subcostals,  levatores  coa- 
tarum,  and  triangularis  sterni,  are  supplied  by  the  intercostal  nerves. 

The  obliqui,  transversus,  and  rectus  of  the  abdomen  are  supplied  by  the 
lower  intercostal  nerves  ;  and  the  oblique  and  transverse  muscles  also  get 
branches  from  the  ilio-inguinal  and  ilio-hypogastric  nerves.  The  cremaster 
muscle  is  supplied  by  the  genital  branch  of  the  genito-crural  nerve. 

The  quadratus  lumborum  (like  the  psoas)  receives  small  branches  from 
the  lumbar  nerves  before  they  form  the  plexus. 

The  diaphragm  receives  the  phrenic  nerves  from  the  fourth  and  fifth  cer- 
vical nerves,  and  likewise  sympathetic  filaments  from  the  plexuses  round  the 
phrenic  arteries. 

The  muscles  of  the  urethra  and  penis  are  supplied  by  the  pudic  nerve  ; 
the  levator  and  sphincter  ani  by  the  pudic  and  by  the  fourth  and  fifth 
sacral  and  the  coccygeal  nerves ;  and  the  coccygeus  muscle  by  the  three  last 
named  nerves. 

MUSCLES  ATTACHING  THE  UPPER  LIMB  TO  THE  TRUNK. 

The  trapezius  and  the  sterno-cleido-mastoid  receive  the  distribution  of  the 
spinal  accessory  nerve,  and,  in  union  with  it,  filaments  from  the  cervical 
plexus. 

The  latissvmus  dorsi  receives  the  long  subscapular  nerve. 

The  rhomboidei  are  supplied  by  a  special  branch  from  the  anterior 
division  of  the  fifth  cervical  nerve. 

The  levator  anguli  scapuloz  is  supplied  by  branches  from  the  anterior 
division  of  the  third  cervical  nerve,  and  sometimes  partly  also  by  the  branch 
to  the  rhomboid  muscles. 

The  serratus  magnus  has  a  special  nerve,  the  posterior  thoracic,  derived 
from  the  fifth  and  sixth  cervical  nerves. 

The  subclavius  receives  a  special  branch  from  the  place  of  union  of  the 
fifth  and  sixth  cervical  nerves. 

The  pectorales  are  supplied  by  the  anterior  thoracic  branches  of  the 
brachial  plexus,  the  larger  muscle  receiving  filaments  from  both  these 
nerves,  and  the  smaller  from  the  inner  only. 

MUSCLES  OF  THE  UPPER  LIMB. 

Muscles  of  the  shoulder. — The  supraspinatus  and  infraspinatus  are  sup- 
plied by  the  supra  scapular  nerve  ;  the  subscapularis  by  the  two  smaller 
subscapular  nerves ;  the  teres  major  by  the  second  subscapular,  and  the 
deltoid  and  teres  minor  by  the  circumflex  nerve. 

Posterior  muscles  of  the  arm  and  forearm. — The  triceps,  anconeus,  supi- 
nator longus,  and  extensor  carpi  radialis  longior  are  supplied  by  direct  branches 
of  the  musculo-spiral  nerve  ;  while  the  extensor  carpi  radialis  brevior  and  the 
other  extensor  muscles  in  the  forearm  receive  their  branches  from  the  pos- 
terior interosseous  division  of  that  nerve. 

Anterior  muscles  of  the  arm  and  forearm. — The  coraco-brachialis,  biceps, 
and  brachialis  anticus  are  supplied  by  the  musculo- cutaneous  nerve  :  the 
bracbialis  anticus  likewise  generally  receives  a  twig  from  the  musculo- 
spiral  nerve.  The  muscles  in  front  of  the  forearm  are  supplied  by  the 
median  nerve,  with  the  exception  of  the  flexor  carpi  ulnaris  and  the 
ulnar  half  of  the  flexor  profundus  digitorum,  which  are  supplied  by  the 
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ulnar  nerve,  and  the  supinator  longus,  winch  is  supplied  by  the  musculo- 

of  lTfll0/  *Z  hand--?hQ  abductor  ™*  oPPonens  pollicis,  the  outer  half 
sLotd  bv^  ^•P°lhC1S'  ^V116  tW°  °Ut6r  "cales  muscles,  are 
Zm  the  int6  "         ^ ''       ^  ^  mUSCleS  reCeive  thek  n°rves 

MUSCLES  OF  THE  LOWER  LIMB. 

Posterior  muscles  of  the  hip  and  thigh.-The  gluteus  maximus  is  mainly 
supplied  by  the  small  sciatic  nerve,  and  receives  at  its  upper  part  a  separate 
branch  from  the  sacral  plexus.  The  gluteus  medius  and'minimus"  tocher 
with  the  tensor  vaginae  femoris,  are  supplied  by  the  gluteal  nerve.  The  piri- 
formis gemelli  obturator  internus,  and  quadratus  femoris  receive  special 
branches  from  the  sacral  plexus.  The  hamstring  muscles  are  supplied  by 
branches  from  the  great  sciatic  nerve. 

Anterior  and  internal  mmcles  of  the  thigh.— The  psoas  muscle  is  supplied 
by  separate  twigs  from  the  lumbar  nerves.  The  iliacus,  quadriceps  extensor 
femoris,  and  sartonus  are  supplied  by  the  anterior  crural  nerve  The 
adductor  muscles,  the  obturator  externus  and  the  pectineus,  are  supplied 
by  the  obturator  nerve,  but  the  adductor  inaguus  likewise  receives  a  branch 
from  the  great  sciatic,  and  the  pectineus  sometimes  has  a  branch  from  the 
anterior  crural. 

Anterior  muscles  of  the  leg  and  foot.— The  muscles  in  front  of  the  le» 
together  with  the  extensor  brevis  digitorum,  are  supplied  by  the  anterior 
tibial  nerve. 

The  peroneus  longus  and  bixvis  are  supplied  by  the  musculocutaneous 
nerve. 

Posterior  muscles  of  the  leg.—  The  gastrocnemius,  plantaris,  soleus,  and 
popliteus  are  supplied  by  branches  from  the  internal  popliteal  nerve  •  the 
deep  muscles,  viz.,  the  flexor  longus  digitorum,  flexor  longus  pollicis,  and 
tibialis  posticus,  derive  their  nerves  from  the  posterior  tibial. 

Plantar  muscles.— The  flexor  brevis  digitorum,  the  abductor  and  flexor 
brevis  pollicis,  and  the  two  inner  lumbricales,  are  supplied  by  the  internal 
plantar  nerve  ;  all  the  others,  including  the  flexor  accessorius  and  interossei, 
axe  supplied  by  the  external  plantar  nerve. 


III.  SYMPATHETIC  NERVES. 

The  nerves  of  the  sympathetic  system  (nervus  intercostalis  ;  nerves  of 
organic  life— Bichat)  are  distributed  in  general  to  all  the  internal  viscera, 
but  some  organs  receive  their  nerves  also  from  the  cerebro- spinal  system' 
as  the  lungs,  the  heart,  and  the  upper  and  lower  parts  of  the  alimentary 
canal.  It  appears  from  physiological  researches  to  be  also  the  special 
province  of  the  sympathetic  system  to  supply  nerves  to  the  coats  of  the 
blood-vessels. 

This  division  of  the  nervous  system  consists  of  a  somewhat  complicated 
collection  of  ganglia,  cords  and  plexuses,  the  parts  of  which  may,  for  con- 
venience, be  classified  in  three  groups,  viz.,  the  principal  gangliated  cords, 
the  great  prevertebral  plexuses  with  the  nerves  proceeding  from  them,  and 
the  ganglia  of  union  with  cranial  nerves. 

The  gangliated  cords  consist  of  two  series,  in  each  of  which  the  ganglia  are 
connected  by  intervening  cords.     These  cords  are  placed  symmetrically  in 
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front  of  the  vertebral  column,  and  extend 
from  the  base  of  the  skull  to  the  coccyx. 
Superiorly  they  are  connected  with  plex- 
uses which  enter  the  cranial  cavity,  while 
inferiorly  they  converge  on  the  sacrum, 
and  terminate  in  a  single  ganglion  on  the 
coccyx.  The  several  portions  of  the  cords 
are  distinguished  as  cervical,  dorsal,  lum- 
bar, and  sacral,  and  in  each  of  these  parts 
the  ganglia  are  equal  in  number,  or  nearly 
so,  to  the  vertebrae  on  which  they  lie, 
except  in  the  neck,  where  there  are  only 
three. 

Fig.  451. — Diagrammatic  Outline  of  the  Sym- 
pathetic Cord  of  one  side  in  connection 
with  the  Spinal  Nerves. 
The  full  description  of  this  figure  will  be  found 

at  p.  629. 

On  the  right  side  the  following  letters  in- 
dicate parts  of  the  sympathetic  nerves  ;  viz., 
a,  the  superior  cervical  ganglion,  communi- 
cating with  the  upper  cervical  spinal  nerves 
and  continued  below  into  the  great  sympathetic 
cord  ;  6,  the  middle  cervical  ganglion  ;  c,  d,  the 
lower  cervical  ganglion  united  with  the  first 
dorsal ;  d\  the  eleventh  dorsal  ganglion  ;  from 
the  fifth  to  the  ninth  dorsal  ganglia  the  origins 
of  the  great  splanchnic  nerve  are  shown  ;  I,  the 
lowest  dorsal  or  upper  lumbar  ganglion  ;  ss,  the 
upper  sacral  ganglion.  In  the  whole  extent  of  the 
sympathetic  cord,  the  twigs  of  union  with  the 
spinal  nerves  are  shown. 

Connection  of  the  gangliated  cords  with 
the  cerebrospinal  system. — The  ganglia  are 
severally  connected  with  the  spinal  nerveB 
in  their  neighbourhood  by  means  of  short 
cords  ;  each  connecting  cord  consisting  of 
a  white  and  a  grey  portion,  the  former 
of  which  may  be  considered  as  proceeding 
from  the  spinal  nerve  to  the  ganglion, 
the  latter  from  the  ganglion  to  the  spinal 
nerve.  At  its  upper  end  the  gangliated 
cord  communicates  likewise  with  certain 
cranial  nerves.  The  main  cords  interven- 
ing between  the  ganglia,  like  the  smaller 
ones  connecting  the  ganglia  with  the  spinal 
nerves,  are  composed  of  a  grey  and  white 
part,  the  white  being  continuous  with  the 
fibres  of  the  spinal  nerves  prolonged  to  the 
ganglia. 

The  great  prevertebral  plexuses  comprise 
three  large  aggregations  of  nerves,  or 
nerves  and  ganglia  situated  in  front  of 
the  spine,  and  occupying  respectively  the 
thorax,  the  abdomen,  and  the  pelvis. 
They  are  single  and  median,   and  are 
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named  respectively  the  cardiac,  the  solar,  and  the  hypogastric  plexus 
noticed'  rdeIher:CeiV\^nCheS   fr°m  b°th  th6  col'above 

The  cromol  gratia  of  the  sympathetic  are  the  ophthalmic,  spheno-pala- 

cSnial  2Z  r  ^  ^'^J  b6ing  muted  4ith  the  fifth 

cranial  nerve,  have  already  been  described  along  with  that  uerve.  They 
are  also  more  or  less  directly  connected  with  the  upper  end  of  the  sympa 
thetic  ganghated  cords  ;  but  it  will  be  unnecessary  to  give  any  S 
description  of  them  in  this  place.  y  sPecml 

A.  THE  GANGLIATED  CORDS. 

THE  CERVICAL  PART. 
In  the  neck,  each  gangliated  cord  is  deeply  placed  behind  the  sheath  of 
the  great  cervical  blood-vessels,  and  in  contact  with  the  muscles  which 
immediately  cover  the  fore  part  of  the  vertebral  column.  It  comprises 
three  ganglia,  the  first  of  which  is  placed  near  the  base  of  the  skull  the 
second  in  the  lower  part  of  the  neck,  and  the  third  immediately  above  the 
head  of  the  first  rib. 


THE  UPPER  CERVICAL  GANGLION. 

This  is  the  largest  ganglion  of  the  great  sympathetic  cord.  It  is  continued 
superiorly  into  an  asceuding  branch,  and  tapers  below  Into  the  connecting 
cord,  so  as  to  present  usually  a  fusiform  shape  ;  but  there  is  considerable 
variety  in  this  respect  in  different  cases,  the  ganglion  being  occasionally 
broader  than  usual,  and  sometimes  constricted  at  intervals.  It  has  the 
reddish-grey  colour  characteristic  of  the  ganglia  of  the  sympathetic  system. 
It  is  placed  on  the  larger  rectus  muscle,  opposite  the  second  and  third 
cervical  vertebrae,  and  behind  the  internal  carotid  artery. 

Connection  with  spinal  nerves.—  At  its  outer  side  the  superior  cervical 
ganglion  is  connected  with  the  first  four  spinal  nerves,  by  means  of  slender 
cords,  which  have  the  structure  pointed  out  in  the  general  description  as 
being  common  to  the  series. 

The  circumstance  of  this  ganglion  being  connected  with  so  many  as  four  spinal 
nerves,  together  with  its  occasionally  constricted  appearance,  is  favourable  to  the 
view  that  it  may  be  regarded  as  consisting  of  several  ganglia  which  have  coalesced. 

Connection  with  cranial  nerves. — Small  twigs  connect  the  ganglion  or 
its  cranial  cord  with  the  second  ganglion  of  the  pneumo-gastric,  and  with 
the  ninth  cranial  nerve,  near  the  base  of  the  skull ;  and  another  branch, 
which  is  directed  upwards  from  the  ganglion,  divides  at  the  base  of  the 
skull  into  two  filaments,  one  of  which  ends  in  the  second  (petrosal)  ganglion 
of  the  glossopharyngeal  nerve  ;  while  the  other,  entering  the  jugular 
foramen,  joins  the  ganglion  of  the  root  of  the  pneumo-gastric. 

Besides  the  branches  connecting  it  with  cranial  and  spinal  nerves,  the 
first  cervical  gangbon  gives  off  also  the  ascending  branch,  the  upper  cardiac 
nerve,  pharyngeal  nerves,  and  branches  to  blood-vessels. 


1.    ASCENDING  BRANCH  AND  CRANIAL  PLEXUSES. 

The  ascending  brauch  of  the  first  cervical  ganglion  is  soft  in  texture  and  of 
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a  reddish  tint,  seeming  to  be  in  some  degree  a  prolongation  of  the  ganglion 
itself.  In  its  course  to  the  skull,  it  is  concealed  by  the  internal  carotid 
artery,  with  which  it  enters  the  carotid  canal  in  the  temporal  bone,  and  it  is 
then  divided  into  two  parts,  which  are  placed  one  on  the  outer,  the  other  on 
the  inner  side  of  the  vessel. 

Fig.  452. 


Fig.  452.— Connections  op  the  Sympathetic  Nerve  through  its  Carotid  Branch 

WITH  SOME  OP  THE  CRANIAL  NERVES. 

The  full  description  of  this  figure  will  be  found  at  p.  602.    The  following  numbers 
refer  to  sympathetic  nerves  and  their  connections  : -6,  sphenopalatine  ganglion-  7 
Vidian  nerve  ;  9,  its  carotid  branch  ;  10,  a  part  of  the  sixth  nerve,  receiving  twigs  from 
the  carotid  plexus  of  the  sympathetic  ;  11,  superior  cervical  sympathetic  ganglion  -  12 
its  prolongation  m  the  carotid  branch;  15,  anastomosing  nerve  of  Jacobson;  16,'twft 
uniting  it  to  the  sympathetic.  '     '  a 

The  external  division  distributes  filaments  to  the  internal  carotid  artery 
and,  after  communicating  by  means  of  other  filaments  with  the  internal 
division  of  the  cord,  forms  the  carotid  plexus. 

The  inner  division,  rather  the  smaller  of  the  two,  supplies  filaments  to 
the  carotid  artery,  and  goes  to  form  the  cavernous  plexus.  The  terminal 
parts  of  these  divisions  of  the  cranial  cord  are  prolonged  on  the  trunk  of  the 
internal  carotid,  and  extend  to  the  cerebral  and  ophthalmic  arteries,  around 
which  they  form  secondary  plexuses,  those  on  the  cerebral  artery  ascending 
to  the  pia  mater.  One  minute  plexus  enters  the  eye-ball  with  the  central 
artery  of  the  retina. 

It  was  stated  by  Ribes  (Mem  de  la  Societe  Med.  d'Emulation,  torn.  viii.  p  606  )  that 
the  cranial  prolongations  of  the  sympathetic  nerve  from  the  two  sides  coalesce  with 
one  another  on  the  anterior  communicating  arterv— a.  smnii  LTi-  coaiesce,wlth 
being  f.nned  ,t  lte  ,ot  f  jmMmfZ  SK-LSS  £,"17  Lot"? 
factonly  made  out  by  other  observers.  s" 

Carotid  PLEXus—The  carotid  plexus,  situated  on  the  outer  side  of  the 
internal  carotid  artery  at  its  second  bend  (reckoning  from  beW  .7 
the  second  and  third  bends,  joins  the  fiVth  b^T^^Z 
gives  many  filaments  to  the  vessel  on  which  it  lies.  ' 

ortri^  ^^^^rvs^&d  by  mpans  °f  - 

by  the  side  of  the  internal  carotid  8UppUed  t0  that  nenre  where  il  lie* 
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(b)  The  filaments  connected  with  the  Gasserian  ganglion  of  the  fifth  nerve  pro- 
ceed sometimes  from  the  carotid  plexus,  at  others  from  the  cavernous. 

(c)  The  deep  branch  of  the  Vidian  nerve  passes  backwards  to  the  carotid  plexus, 
and  after  leaving  the  Vidian  canal,  lies  in  the  cartilaginous  substance  which  closes 
the  foramen  lacerum  medium.  Valentin  describes  nerves  as  furnished  to  the  dura 
mater  from  the  carotid  plexus. 

Cavernous  Plexus. — The  cavernous  plexus,  named  from  its  position  in 
the  sinus  of  the  same  name,  is  placed  below  and  rather  to  the  inner  side  of 
the  highest  turn  of  the  internal  carotid  artery.  Besides  giving  branches  on 
the  artery,  it  communicates  with  the  third,  the  fourth  and  the  ophthalmic 
of  the  fifth  cranial  nerves. 

Branches. — (a)  The  filament  which  joins  the  third  nerve  comes  into  connection 
with  it  close  to  the  point  of  division  of  that  nerve. 

(b)  The  branch  to  the  fourth  nerve,  which  may  be  derived  from  either  the  caver- 
nous or  the  carotid  plexus,  joins  the  nerve  where  it  lies  in  the  wall  of  the  cavernous 

sinus. 

(c)  The  filaments  connected  with  the  ophthalmic  trunk  of  the  ffth  nerve  are  supplied 
to  its  inner  surface.  One  of  them  is  continued  forwards  to  the  lenticular  ganglion, 
either  in  connection  with  or  distinct  from  the  nasal  nerve. 


2.   PHARYNGEAL  NERVES  AND  PLEXUS. 

These  nerves  arise  from  the  inner  part  of  the  ganglion,  and  are  directed 
obliquely  inwards  to  the  side  of  the  pharynx.  Opposite  the  middle  con- 
strictor muscle  they  unite  with  branches  of  the  pneumo-gastric  and  glosso- 
pharyngeal nerves  ;  and  by  their  union  with  those  nerves  the  pharyngeal 
plexus  is  formed.  Branches  emanating  from  the  plexus  are  distributed 
to  the  muscles  and  mucous  membrane  of  the  pharynx. 


3.   UPPER  CARDIAC  NERVE. 

Each  of  the  cervical  ganglia  of  the  sympathetic  furnishes  a  cardiac  branch, 
the  three  being  named  respectively  the  upper,  middle  and  lower  cardiac 

nerves.  t  .1.1 

These  branches  are  continued  singly,  or  rn  connection,  to  the  large 
prevertebral  centre  (cardiac  plexus)  of  the  thorax.  Their  size  varies  con- 
siderably, and  where  one  branch  is  smaller  than  common,  another  will  be 
found  to  be  increased  in  size,  as  if  to  compensate  for  the  defect.  There 
are  some  differences  in  the  disposition  of  the  nerves  of  the  right  and  left 

SldThe  upper  cardiac  nerve  (n.  cardiacus  superficial)  of  the  right  side 
proceeds  from  two  or  more  branches  of  the  ganglion,  with,  m  some 
instances,  an  offset  from  the  cord  connecting  the  first  two  ganglia.  In  its 
course  down  the  neck  the  nerve  lies  behind  the  carotid  sheath,  m  contact  with 
the  longus  colli  muscle  ;  and  it  is  placed  in  front  of  the  lower  thyroid  artery 
and  the  recurrent  laryngeal  nerve.  Entering  the  thorax,  it  passes  m  some 
cases  before,  in  others  behind  the  subclavian  artery,  and  is  directed  along  the 
innominate  artery  to  the  back  part  of  the  arch  of  the  aorta,  where  it  ends  in 
the  deep  cardiac  plexus,  a  few  small  filaments  continuing  also  to  the  front 
of  the  great  vessel.  Some  branches  distributed  to  the  thyroid  body 
accompany  the  inferior  thyroid  artery. 

Us  course  downwards  the  cardiac  nerve  is  repeatedly  connected  with  other 
branches  of  the  sympathetic,  and  with  the  pneumo-gastric  nerve.  Thus,  about  the 
Sue  of  the  neck  it  is  joined  by  some  filaments  from  the  external  laryngeal 
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nerve ;  and,  rather  lower  down,  by  one  or  more  filaments  from  the  trunk  of  the 
pneumo-gastric  nerve;  lastly,  on  entering  the  chest,  it  joins  with  the  recurrent 
laryngeal. 

Pig.  453. 


Fig.  453—Connections  o*  the :  Cervical  and  Upper  Dorsal  Sympathetic  Ganglia 

and  Nerves  on  thh  Left  Side.  vjanqlia 
The  full  description  of  this  figure  will  be  found  nt  n  fion     rm, „  *  . 

ganglion  united  with  the  first  dorsal  ganglion  •  27  28  9Q  7  '  i  15.  in/erior  cemcal 
fifth  dorsal  ganglia.  b««guon  ,  n,  28,  29,  30,  second,  third,  fourth,  and 

Variety.— Instead  of  passing  to  the  thorax  in        ™„„      j  ,  , 

cardiac  nerve  may  join  the  hS?  I       f  ?    Qer  descnbed' the  superior 

vical  ganglia.  sL  J describe his b^pfurni8hed  »»»  one  of  the  other  cer- 
but  Cruveilhier  (Anat.  Descript  ,    .  I  W"°U  ?  .*» 

found  the  cardiac  nerves  to  corrP«™  J  t,  .  ,  lie  has  not  m  any  case 
Neurologic*."  correspond  exactly  with  the  figures  of  the  "Tabula, 
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The  superficial  cardiac  nerve  of  the  left  side  has,  while  in  the  neck,  the 
same  course  and  connections  as  that  of  the  right  ride.  But  within  the 
chest  it  follows  the  left  carotid  artery  to  the  arch  of  the  aorta,  and  ends  in 
some  iustances  in  the  superficial  cardiac  plexus,  while  in  others  it  joins  the 
deep  plexus  ;  and  accordingly  it  passes  either  in  front  of  or  behind  the  arch 
of  the  aorta. 


4.    BRANCHES  TO  BLOOD-VESSELS. 

The  nerves  which  ramify  on  the  arteries  (nervi  molles)  spring  from  the 
front  of  the  ganglion,  and  twine  round  the  trunk  of  the  carotid  artery. 
They  are  prolonged  on  each  branch  of  the  external  carotid,  and  form 
slender  plexuses  upon  them. 

Communications  with  other  nerves. — From  the  plexus  on  the  facial  artery  is  derived 
the  filament  which  joins  the  submaxillary  ganglion ;  and,  from  that  on  the  middle 
meningeal  artery,  twigs  have  been  described  as  extending  to  the  otic  ganglion,  as 
well  as  to  the  gangliform  enlargement  of  the  facial  nerve.  Lastly,  a  communication 
is  established  between  the  plexus  on  the  carotid  artery  and  the  digastric  branch  of 
the  facial  nerve. 

Small  ganglia  are  occasionally  found  on  some  of  the  vascular  plexuses, 
close  to  the  origin  of  the  vessels  with  which  they  are  associated.  Thus 
Ungual,  temporal,  and  pharyngeal  ganglia  have  been  described  ;  and  besides 
these  there  is  a  larger  body,  the  ganglion  intercaroticum,  placed  on  the 
inner  side  of  the  angle  of  division  of  the  common  carotid  artery.  This  body, 
long  known  to  anatomists  as  a  ganglion,  has  been  stated  by  Luschka  to 
have  a  structure  very  different  from  the  nervous  ganglia  in  general,  and  has 
been  named  by  him  the  "  glandula  intercarotica." 

The  ganglion  intercaroticum  was  described  by  Luschka  as  presenting  principally 
a  follicular  structure,  and  regarded  by  him  as  being  of  a  nature  similar  to  the  glan- 
dula coccygea,  which  he  had  previously  discovered.  It  appears,  however,  from  the 
researches  of  Julius  Arnold,  that  the  follicular  appearances  observed  by  Luschka,  both 
in  this  instance  and  in  the  coccygeal  gland,  were  produced  by  arterial  glomeruli  seen 
in  section ;  and  that  the  ganglion  intercaroticum  consists  of  numbers  of  those  glome- 
ruli gathered  into  several  larger  masses,  and  of  dense  plexuses  of  nerves  surrounding 
respectively  the  glomeruli,  the  masses,  and  the  whole  structure.  Within  those  plex- 
uses nerve-cells  are  scattered,  but  not  in  very  great  number.  The  ganglion  is  usually 
about  one-fourth  of  an  inch  long;  but,  according  to  Luschka,  may  be  divided  into 
small  separate  masses,  and  thus  escape  attention,  or  be  supposed  to  be  absent.— 
(Luschka,  Anat.  d.  Menschen,  vol.  i.  1862  ;  and  Julius  Arnold,  in  Virchow's  Archiv., 
June,  1865.) 

MIDDLE  CERVICAL  GANGLION. 

The  middle  ganglion  (ganglion  thyroideum),  much  the  smallest  of  the 
cervical  ganglia,  is  placed  on  or  near  the  inferior  thyroid  artery.  It  is 
usually  connected  with  the  fifth  and  sixth  spinal  nerves,  but  in  a  somewhat 
variable  manner.  It  gives  off  thyroid  branches  and  the  middle  cardiac 
nerve. 

Thyroid  branches. — From  the  inner  side  of  the  ganglion  some  twigs 
proceed  along  the  inferior  thyroid  artery  to  the  thyroid  body,  where  they 
join  the  recurrent  laryngeal  and  the  external  laryngeal  nerves.  Whilst  on 
the  artery  these  branches  communicate  with  the  upper  cardiac  nerve. 

The  middle  cardiac  nerve  (nervus  cardiacus  profundus  v.  magnus)  of  the 
riaht  side  is  prolonged  to  the  chest  behind  the  sheath  of  the  common  carotid 
artery,  and  either  in  front  of  or  behind  the  subclavian  artery.     In  the 
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chest  it  lies  on  the  trachea,  where  it  is  joined  by  filaments  of  the  recurrent 
laryngeal  nerve,  and  it  ends  in  the  right  side  of  the  deep  cardiac  plexus. 
While  in  the  neck,  the  nerve  communicates  with  the  upper  cardiac  nerve 
and  the  recurrent  branch  of  the  pneumo-gastric. 

On  the  left  side,  the  middle  cardiac  nerve  enters  the  chest  between  the 
left  carotid  and  subclavian  arteries,  and  joins  the  left  side  of  the  deep 
cardiac  plexus. 

When  the  middle  cervical  ganglion  is  small,  the  middle  cardiac  nerve  may  be 
found  to  be  an  offset  of  the  inter-ganglionic  cord. 

LOWER  CERVICAL  GANGLION. 

The  lower  or  third  cervical  ganglion  is  irregular  in  shape,  usually  some- 
what flattened  and  round  or  semilunar,  and  is  frequently  united  in  part 
to  the  first  thoracic  ganglion.  Placed  in  a  hollow  between  the  transverse 
process  of  the  last  cervical  vertebra  and  the  neck  of  the  first  rib,  it  is  con- 
cealed by  the  vertebral  artery.  It  is  connected  by  short  communicating 
cords  with  the  two  lowest  cervical  nerves.  Numerous  branches  are  given 
off  from  it,  among  which  the  largest  is  the  lower  cardiac  nerve. 

The  lower  cardiac  nerve,  issuing  from  the  third  cervical  ganglion  or 
from  the  first  thoracic,  inclines  inwards  on  the  right  side,  behind  the  sub- 
clavian artery,  and  terminates  in  the  cardiac  plexus  behind  the  arch  of  the 
aorta.  It  communicates  with  the  middle  cardiac  and  recurrent  laryngeal 
nerves  behind  the  subclavian  artery. 

On  the  left  side,  the  lower  cardiac  often  becomes  blended  with  the  middle 
cardiac  nerve,  and  the  cord  resulting  from  their  union  terminates  in  the 
deep  cardiac  plexus. 

Branches  to  blood-vessels.— From  the  lowest  cervical  and  first  dorsal 
ganglia  a  few  slender  branches  ascend  along  the  vertebral  artery  in  its 
osseous  canal,  forming  a  plexus  round  the  vessel  by  their  inter-communica- 
tions,  and  supplying  it  with  offsets.  This  plexus  is  connected  with  the 
cervical  spinal  nerves  as  far  upwards  as  the  fourth. 

One  or  two  branches  frequently  pass  from  the  lower  cervical  ganglion  to 
the  first  dorsal  ganglion  m  front  of  the  subclavian  artery,  forming  loops 
round  the  vessel  (an83e  Vieussenii),  and  supplying  it  with  small  offsets. 

THORACIC  PART  OF  THE  GANGLIATED  CORD. 

In  the  thorax  the  gangliated  cord  is  placed  towards  the  side  of  the  spinal 
column,  in  a  Ime  passing  over  the  heads  of  the  ribs.  It  is  covered  by  the 
pleura,  and  crosses  the  intercostal  blood-vessels  7 

Opposite  the  head  of  each  rib  the  cord  usually  presents  a  gan'dion 
so   hat  there  are  commonly  twelve  of  these;  but,  from  the  ocSonal 
coalescence  of  two,  the  number  varies  slightly     The  first  Jm  J£  i 
distinct  is  larger  than  the  rest,  and  is  of  an'elongated  form;  tuf  Hs 

number  for  each  ganglion     one  of  thl  ^P"*hfltw  are  usua%  two  in 
nerve  in  structure, Mother  S^^^* 

BRANCHES  OF  THE  GANGLIA. 

The  branches  furnished  by  the  first  a™  ™  •  »• 

y  mojwst  Jive  or  six  ganglia  are  small,  and  are 
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Fig.  45 4.  — Diagrammatic  View  op  the  Sympathetic  Cord  op  ttie  Right  Side  showing 
its  Connections  with  the  Principal  Cerebrospinal  Nerves  and  the  Main 
Preaortic  Plexuses.  4, 

Cerebrospinal  Nerves. — VI,  a  portion  of  the  sixth  cranial  nerve  as  it  passes  through 
the  cavernous  sinus,  receiving  two  twigs  from  the  carotid  plexus  of  the  sympathetic  nerve  ■ 
0,  ophthalmic  ganglion  connected  by  a  twig  with  the  carotid  plexus  ;  M,  connection  of  the 
spheno-palatine  ganglion  by  the  Vidian  nerve  with  the  carotid  plexus  j  C,  cervical  plexus  • 
Br,  brachial  plexus;  D6,  sixth  intercostal  nerve;  D  12,  twelfth;  L  3,  third  lumbar 
nerve  ;  S  1,  first  sacral  nerve  ;  S  3,  third ;  S  5,  fifth  ;  Or,  anterior  crural  nerve  ;  Cr*  «reat 
sciatic,  pn,  pneumo-gastric  nerve  in  the  lower  part  of  the  neck;  r,  recurrent' nerve 
winding  round  the  subclavian  artery. 

Sympathetic  Cord.—c,  superior  cervical  ganglion;  c',  second  or  middle  ;  c",  inferior  • 
from  each  of  these  ganglia  cardiac  nerves  (all  deep  on  this  side)  are  seen  descending  to 
the  cardiac  plexus  ;  dl,  placed  immediately  below  the  first  dorsal  sympathetic  ganglion  ■ 
ganaiionPPOSlte        ^ '        ^  ganglion  >  c^>  the  terminal  or  coccygeal 

Preaortic  and  Visceral  Plexuses.-?p,  pharyngeal,  and,   lower  down,  laryngeal 
ffuS        £°     ™  Pulmonary  Plexus  spreading  from  the  pneumo-gastric  on  the  back 
of  the  right  bronchus  ;  ca,  on  the  aorta,  the  cardiac  plexus,  towards  which,  in  addition 

T  neIueS  °m  th<3  thr6e  Cervi0al  VmP*««*ie  ganglia,  other  branches  are  seen 
descending  from  the  pneumo-gastric  and  recurrent  nerves  ;  co,  right  or  posterior,  and  co' 
left  or  anterior  coronary  plexus  ■  o,  oesophageal  plexus  in  long  meshes  on  the  gu  let ;  sp, 
great  splanchn.c  nerve  formed  by  branches  from  the  fifth,  sixth,  seventh,  eighth  and 
ninth  dorsa  ganglia  ;  +,  small  splanchnic  from  the  ninth  and  tenth  ;  +  V,  smallest  or 
third  splanchnic  from  the  eleventh  :  the  first  and  second  of  these  are  shown  Job  n.  the 
solar  plexus,  so;  the  third  descending  to  the  renal  plexus,  re;  connecting  branches 
between  the  solar  plexus  and  the  pneumo-gastric  nerves  are  also  represented  ^pTTove 
the  place  where  the  right  pneumo-gastric  passes  to  the  lower  or  posterior  surface  of  the 

SThe  o4r  'f f16  'It  diStrbUt,d  °n  f°  an'eri°r  °r  UPPer  surfac*  of  the  c"d£  port  on 
ii  S  •  i  ^  SOi-r  pleXUS  Iarge  branches  are  seen  surrounding  the  arteries  of 
the  coehac  axis,  and  descending  to  ms,  the  superior  mesenteric  plexus  ;  Opposite  to  this 
is  an  indication  of  the  suprarenal  plexus;  below  re  (the  renal  plexus),  Te  spermatic 
plexus  ,s  also  indicated  ;  ao,  on  the  front  of  the  aorta,  marks  the  aortic  ptexus  Sed 
by  nerves  descending  from  the  solar  and  superior  mesenteric  plexuses  and  from  the  umblr 
fZi™\  6  lnff«se">teric  plexus  surrounding  the  corresponding  artery    A  v 

hypogastric  plexus  placed  between  the  common  iliac  vessels,  connected  above  with  t£ 
aortic  plexus  receiving  nerves  from  the  lower  lumbar  ganglia,  and  dividing  SowTnto  the 
r  ght  and  left  pe  vie  or  inferior  hypogastric  plexuses^  p\  the  right  pefe  ple7us  from 
this  the  nerves  descending  are  joined  by  those  from  the  plexus  on  the  sujerior hP Zr 
rh01da  vessels,  mi',  by  sympathetic  nerves  from  the  sacral  Anl^  Ld  ^v  Z^T 
visceral  nerves  from  the  third  and  fourth  sacral  spinal  ne™L^T&£  jlh™f™% 
the  rectal  ves.cal,  and  other  plexuses,  which  ramify  upon  th viscer from  &  T? 
wards  and  from  below  upwards,  as  towards  ir,  and  J,  the tectum TanTbli .  ^ 

distributed  in  a  great  measure  to  the  thoracic  aorta,  the  vertebrae  anrl  H« 
ments.    Several  of  these  branches  enter  the  posterior  llZn^l  " 

The  branches  furnished  by  the  lower  six  or  seven  glglia  un^nT  three 
cords  on  each  sxde,  whxch  pass  down  to  join  plexuses  in  the  abdomen  anl 
are  distinguished  as  the  great,  the  small,  and  the  smallest  splanZT^ 

THE  GREAT  SPLANCHNIC  NERVE. 

This  nerve  is  formed  by  the  union  of  small  cords  (roots)  given  off  bv  f  h* 
thoracic  ganglia  from  the  fifth  or  sixth  to  the  ninth  or  tenth TcWe  7  B 
careful  examination  of  specimens  after  ir»«,„  •  •  .  •  mcmsivo-  -By 
acid,  small  filaments  JyTZ^^T^T  T  T  °T  dUuted  nitric 
far  as  the  third  ganglion^  or  even  as  Tj^t  f  f  S  r°°tS  UPWards  as 
sophical  Transaction;-  Part  2  ^  1846).  '  ^  *  ^  "  ^ 

Gradually  augmented  by  the  successive  *AAte~     e  xi 

cord  descends  obliquely  inwards  ove \l    K         °l  ^  SeVeral  r°°tS'  the 

and,  after  perforating  tLTrus  of  the  ^1        \     ^  '  ?  ^  V6rtebne  '> 
s       wus  oi  tne  diaphragm  at  a  variable  point,  termi- 
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nates  in  the  semilunar  ganglion,  frequently  sending  some  filaments  to  the 
renal  plexus  and  the  suprarenal  body. 

The  splanchnic  nerve  is  remarkable  from  its  white  colour  and  firmness, 
which  are  owing  to  the  preponderance  of  the  spinal  nerve-fibres  in  its 
composition. 

In  the  chest  the  great  splanchnic  nerve  is  not  unfrequently  divided  into  parts,  and 
forms  a  plexus  with  the  small  splanchnic  nerve.  Occasionally  also  a  small  ganglion 
(ganglion  splanchnicum)  is  formed  on  it  over  the  last  dorsal  vertebra,  or  the  last  but 
one ;  and  when  it  presents  a  plexiform  arrangement,  several  small  ganglia  have  been 
observed  on  its  divisions. 

In  eight  instances  out  of  a  large  number  of  bodies,  Wrisberg  observed  a  fourth 
splanchnic  nerve  (nervus  splanchnicus  supremus).  It  is  described  as  formed  by 
offsets  from  the  cardiac  nerves,  and  from  the  lower  cervical,  as  well  as  some  of 
the  upper  thoracic  ganglia.  ("Observ.  Anatom.  de  Nerv.  Viscerum  particula 
prima,"  p.  25,  sect.  3.) 

SMALL  SPLANCHNIC  NERVE. 

The  small  or  second  splanchnic  nerve  springs  from  the  tenth  or  eleventh 
ganglia,  or  from  the  neighbouring  part  of  the  cord.  It  passes  along  with  the 
preceding  nerve,  or  separately  through  the  diaphragm,  and  ends  in  the 
cceliac  plexus.  In  the  chest  this  nerve  often  communicates  with  the  large 
splanchnic  nerve  ;  and  in  some  instances  it  furnishes  filaments  to  the  renal 
plexus,  especially  if  the  lowest  splanchnic  nerve  is  very  small  or  wanting. 

SMALLEST  SPLANCHNIC  NERVE. 

This  nerve  (nerv.  renalis  posterior — Walter)  arises  from  one  of  the  lowest 
thoracic  ganglia,  and  communicates  sometimes  with  the  nerve  last  described. 
After  piercing  the  diaphragm,  it  ends  in  the  renal  plexus,  and  in  the  inferior 
part  of  the  cceliac  plexus. 

LUMBAE  PART  OF  THE  GANGLIATED  CORD. 

In  the  lumbar  region  the  two  gangliated  cords  approach  one  another 
more  nearly  than  in  the  thorax.  They  are  placed  before  the  bodies  of  the 
vertebra,  each  lying  along  the  inner  margin  of  tho  psoas  muscle  ;  and  that 
of  the  right  side  is  partly  covered  by  the  vena  cava. 

The  ganglia  are  small,  and  of  an  oval  shape.  They  are  commonly  four 
in  number,  but  occasionally,  when  their  number  is  diminished,  they  are  of 
larger  size. 

Connection  with  spinal  nerves. — In  consequence  of  the  greater  distance  at 
which  the  lumbar  ganglia  are  placed  from  the  intervertebral  foramina,  the 
branches  of  connection  with  the  spinal  nerves  are  longer  than  in  other 
parts  of  the  gangliated  cord.  There  are  .generally  two  connecting  branches 
for  each  ganglion,  but  the  number  is  not  so  uniform  as  it  is  in  the  chest ; 
nor  are  those  belonging  to  any  one  ganglion  connected  always  with  the 
same  spinal  nerve.  The  connecting  branches  accompany  the  lumbar  arte- 
ries, and,  as  they  cross  the  bodies  of  the  vertebras,  are  covered  by  the 
fibrous  bands  which  give  origin  to  the  larger  psoas  muscle. 

Branches. — The  branches  of  these  ganglia  are  uncertain  in  their  number. 
Some  join  a  plexus  on  the  aorta  ;  others  descending  go  to  form  the  hypo- 
gastric plexus.  Several  filaments  are  distributed  to  the  vertebra)  and  the 
ligaments  connecting  them. 

SACRAL  PART  OF  THE  GANGLIATED  CORD. 
Over  the  sacrum  the  gangliated  cord  of  the  sympathetic  nerve  is  much 
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diminished  iu  size,  and  gives  but  few  branches  to  the  viscera.  Its  position 
on  the  front  of  the  sacrum  is  along  the  inner  side  of  the  anterior  sacral 
foramina;  and,  like  the  two  series  of  those  foramina,  the  two  cords  approach 
one  another  in  their  progress  downwards.  The  upper  end  of  each  is  con- 
nected with  the  last  lumbar  ganglion  by  a  single  or  a  double  interganglionic 
cord  j  and  at  the  lower  end,  they  are  connected  by  means  of  a  loop  with 
a  single  median  ganglion,  ganglion  impar,  placed  on  the  fore  part  of  the 
coccyx.  The  sacral  ganglia  are  usually  five  in  number  j  but  the  variation 
/  both  in  size  and  number  is  more  marked  in  these  than  in  the  thoracic 
or  lumbar  ganglia. 

Connection  with  spinal  nerves. — From  the  proximity  of  the  sacral  ganglia 
to  the  spinal  nerves  at  their  emergence  from  the  foramina,  the  com- 
municating branches  are  very  short :  there  are  usually  two  for  each  ganglion, 
and  these  are  in  some  cases  connected  with  different  sacral  nerves.  The 
coccygeal  nerve  communicates  with  the  last  sacral,  or  the  coccygeal  ganglion. 

Branches.— The  branches  proceeding  from  the  sacral  ganglia  are  much 
smaller  than  those  from  other  ganglia  of  the  cord.  They  are  for  the 
most  part  expended  on  the  front  of  the  sacrum,  and  join  the  corresponding 
branches  from  the  opposite  side.  Some  filaments  from  one  or  two  of  the 
first  ganglia  enter  the  hypogastric  plexus,  while  others  go  to  form  a  plexus 
on  the  middle  sacral  artery.  From  the  loop  connecting  the  two  cords  on 
which  the  coccygeal  ganglion  is  formed,  filaments  are  given  to  the  coccyx 
and  the  ligaments  about  it,  and  to  the  coccygeal  gland. 


COCCYGEAL  GLAND. 


Under  this  name  has  been  described  by  Luschka  a  minute  structure 
winch  has  since  received  the  attention  of  a  number  of  writers     It  is 
usuaUy,  according  to  Luschka,  of  the  size  of  a  lentil,  and  sometimes  as  large 
as  a  small  pea  ;  its  colour  is  reddish  grey  ;  its  surface  lobulated  ;  and  it 
occupies  a  hollow  at  the  tip  of  the  coccyx,  between  the  tendons  attached  to 
that  part.    It  receives  terminal  twigs  of  the  middle  sacral  artery  and 
minute  filaments  from  the  ganglion  impar.    It  consists  of  an  aggregation  of 
grains  or  lobules,  which  in  some  instances  remain  separate  one  from 
another.    These  lobules  are  principally  composed  of  thick-walled  cavities  of 
vesicular  and  tubular  appearance,  described  by  Luschka  and  subsequent 
writers  as  closed  follicles  filled  with  cellular  contents,  but  recently  demon 
strated  by  Julius  Arnold  to  be  clumps  of  dilated  and  tortuous  smaU  arteries, 
with  thickened  muscular  and  epithelial  coats.   Nerve-cells  are  found  scattered 
m  the  stroma  of  the  organ.  e 

The  coccygeal  gland  is  a  structure  evidently  of  a  similar  nature  to  tT,»  ««««« 
mtercaroUcum,  the  principal  differences  apparent  b!^^^l^S^Z 

appears  inclined  to  consider  both  strurti,™  „■ „n-  \  ■  1  f  '  Wlth  Lusclika, 
sules.    According  to  Arnold  t  ere  12"  «       ?      * "  8uP™enal  cap- 

1865.)  P       '  P<     7'    Juhus  Arnold  in  Virchow's  « Archiv,"  March, 

z  z 
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B.  THE  GEEAT  PLEXUSES  OF  THE  SYMPATHETIC. 

Under  this  head  may  be  included  certain  large  plexuses  of  nerves  placed 
further  forwards  in  the  visceral  cavity  than  the  gangliated  cords,  and 
furnishing  branches  to  the  viscera.  The  principal  of  these  plexuses  are  the 
cardiac,  the  solar,  and  the  hypogastric  with  the  pelvic  plexuses  prolonged 
from  it.  They  are  composed  of  assemblages  of  nerves,  or  of  nerves  and 
ganglia,  and  from  them  smaller  plexuses  are  derived. 

CARDIAC  PLEXUS. 
This  plexus  receives  the  cardiac  branches  of  the  cervical  ganglia  and  those 
of  the  pneumo-gastric  nerves,  and  from  it  proceed  the  nerves  which  supply 
the  heart,  besides  some  offsets  which  contribute  to  the  nervous  supply  of 
the  lungs.  It  lies  upon  the  aorta  and  pulmonary  artery,  where  these  vessels 
are  in  contact,  and  in  its  network  are  distinguished  two  parts,  the  superficial 
and  the  deep  cardiac  plexuses,  the  deep  plexus  being  seen  behind  the  vessels, 
and  the  superficial  more  in  front,  but  both  being  closely  connected.  The 
branches  pass  from  these  plexuses  chiefly  forward  in  two  bundles,  accom- 
panying the  coronary  arteries. 

SUPERFICIAL  CARDIAC  PLEXUS. 

The  superficial  cardiac  plexus  lies  in  the  concavity  of  the  arch  of  the 
aorta,  in  front  of  the  right  branch  of  the  pulmonary  artery.  In  it  the 
superficial  or  first  cardiac  nerve  of  the  sympathetic  of  the  left  side  termi- 
nates, either  wholly  or  in  part,  together  with  the  lower  cardiac  branch  of 
the  left  pneumo-gastric  nerve,  and  in  some  cases  also  that  of  the  right 
side.  In  the  superficial  plexus  a  small  ganglion,  the  ganglion  of  Wrisberg, 
is  frequently  found  at  the  point  of  union  of  the  nerves.  Besides  ending  in 
the  anterior  coronary  plexus,  the  superficial  cardiac  furnishes  laterally 
filaments  along  the  pulmonary  artery  to  the  anterior  pulmonary  plexus  of 
the  left  side. 

DEEP  CARDIAC  PLEXUS. 

The  deep  cardiac  plexus,  much  larger  than  the  superficial  one,  is  placed 
behind  the  arch  of  the  aorta,  between  it  and  the  end  of  the  trachea,  and 
above  the  point  of  division  of  the  pulmonary  artery. 

This  plexus  receives  all  the  cardiac  branches  of  the  cervical  ganglia  of  the 
sympathetic  nerve,  except  the  first  or  superficial  cardiac  nerve  of  the  left 
side.  It  likewise  receives  the  cardiac  nerves  furnished  by  the  vagus  and  by 
the  recurrent  laryngeal  branch  of  that  nerve,  with  the  exception  of  the 
left  lower  cardiac  nerve. 

Of  the  branches  from  the  right  side  of  the  plexus,  the  greater 
number  descend  in  front  of  the  right  pulmonary  artery,  and  join  branches 
from  the  superficial  part  in  the  formation  of  the  anterior  coronary  plexus, 
while  the  rest,  passing  behind  the  right  pulmonary  artery,  are  distributed 
to  the  right  auricle  of  the  heart,  and  a  few  filaments  are  continued 
into  the  posterior  coronary  plexus. 

On  the  left  side,  a  few  branches  pass  forwards  by  the  side  of  the  ductus 
arteriosus  to  join  the  superficial  cardiac  plexus ;  but  the  great  majority 
end  in  the  posterior  coronary  plexus. 

The  deep  cardiac  plexus  sends  filaments  to  the  anterior  pulmonary  plexus 
on  each  side. 
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Coronary  Plexuses. — The  anterior  coronary  plexus,  formed  at  first  from  the 
fibres  of  the  superficial  cardiac  plexus,  passes  forwards  between  the  aorta  and  pul- 
monary artery,  and,  having  received  an  accession  of  fibres  from  the  deep  cardiac 
plexus,  follows  the  course  of  the  left  or  anterior  coronary  artery. 

^  The  posterior  coronary  plexus,  derived  chiefly  from  the  left  part  of  the  deep  car- 
diac plexus,  but  joined  by  nerves  from  the  right  portion  of  that  plexus,  surrounding  the 
branches  of  the  right  coronary  artery  accompany  them  to  the  back  of  the  heart. 

Nervous  filaments  ramify  in  great  number  under  the  lining  membrane  of  the 
heart.  They  are  not  so  easily  distinguished  in  man  as  in  some  animals.  In  the 
heart  of  the  calf  or  lamb  they  are  distinctly  seen  without  dissection,  running  in  lines 
which  cross  obliquely  the  muscular  fibres.  Remak  was  the  first  to  observe  that  these 
branches  are  furnished  with  small  ganglia,  both  on  the  surface  and  in  the  muscular 
substance.    (Mailer's  "Arckiv,"  1844.) 


SOLAR  OR  EPIGASTRIC  PLEXUS. 

The  solar  or  epigastric  plexus,  which  is  the  largest  of  the  prevertebral 
centres,  is  placed  at  the  upper  part  of  the  abdomen,  behind  the  stomach,  and 
in  front  of  the  aorta  and  the  pillars  of  the  diaphragm.  Surrounding  the 
origin  of  the  cceliac  axis  and  the  upper  mesenteric  artery,  it  occupies  the 
interval  between  the  suprarenal  bodies,  and  extends  downwards  as  far  as  the 
pancreas.  The  plexus  consists  of  nervous  cords,  with  several  ganglia  of 
various  sizes  connected  with  them.  The  large  splanchnic  nerves  of  both  sides 
and  some  branches  of  the  pueumo-gastric,  terminate  in  it.  The  branches 
given  off  from  it  are  very  numerous,  and  accompany  the  arteries  to  the 
principal  viscera  of  the  abdomen,  constituting  so  many  secondary  plexuses 
on  the  vessels.  Thus  diaphragmatic,  cceliac,  renal,  mesenteric,  and  other 
plexuses  are  recognised,  which  follow  the  corresponding  arteries. 

Semilunar  ganglia. — The  solar  plexus  contains,  as  already  mentioned 
several  ganglia  ;  and  by  the  presence  of  these  bodies,  and  their  size,  it  is 
distinguished  from  the  other  prevertebral  plexuses.  The  two  principal 
ganglionic  masses,  named  semihmar,  though  they  have  often  little  of  the 
form  the  name  implies,  occupy  the  upper  and  outer  part  of  the  plexus,  one 
on  each  side,  and  are  placed  close  to  the  suprarenal  bodies  by  the  side  of 
the  cceliac  and  the  superior  mesenteric  arteries.  At  the  upper  end,  which 
is  expanded,  each  ganglion  receives  the  great  splanchnic  nerve. 

Diaphragmatic  Plexus.— The  nerves  (inferior  diaphragmatic)  composing  this 
plexus  arc  derived  from  the  upper  part  of  the  semilunar  ganglion,  and  are  lamer  on 
the  right  than  on  the  left  side.  Accompanying  the  arteries  along  the  lower  surface 
of  the  diaphragm,  the  nerves  sink  into  the  substance  of  the  muscie.  They  furnish 
some  filaments  to  the  suprarenal  body,  and  join  with  the  spinal  phrenic  nerves 

At  the  right  side  on  the  under  surface  of  the  diaphragm,  and  near  the  suprarenal 
body  there  is  a  small  ganglion,  ganglion  diaphragmaticum,  which  marks  the  junc- 
tion between  the  phrenic  nerves  of  the  spinal  and  sympathetic  systems.  From  this 
sma  l  ganglion  filaments  are  distributed  to  the  vena  cava,  the  suprarenal  body  and 
the  hepatic  plexus.  On  the  left  side  the  ganglion  is  wanting,  but  some  filament  are 
prolonged  to  the  hepatic  plexus.  m«.u«.ins  are 

Suprarenal  Plexus.-TIic  suprarenal  nerves  issue  from  the  solar  plexus  and  the 
outer  part  of  the  sermlunar  ganglion,  a  few  filaments  being  added  from  Ih^iapW 
matic  nerve.  They  are  short,  but  numerous  in  comparison  with  the  size  of  t  c  body 
which  hey  supply  :  they  enter  the  upper  and  inner  parts  of  the  supmrenal  «£ 
sule  These  nerves  arc  continuous  below  with  the  renal  plexus.  X^l^Wte 
joined  by  branches  from  one  of  the  splanchnic  nerves,  and  pre  ents  a  gabion 
(gangl  aplcmdm^wprwrrfe),  where  it  is  connected  with  those  branches  The 
plexus  and  ganghon  are  smaller  on  the  left  than  on  the  right  side 
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its  Principal  Ganglia,  Plexuses,  akd  Nerves. 

boJy 'S  figUre  "  repeated  in  iIlustratioa  of  the  sympathetic  nerves  in  the  lower  half  of  the 

c,  superior  cervical  ganglion ;  d,  second  or  middle ;  c",  inferior :  from  each  of  thPS« 
ganglia  cardiac  nerves  deep  on  this  side)  are  seen  descending  to  the  cardiac  plexus  dl 
£th    nf£  f\  bel°"        fil'St  du°l'Sal  ganglion  ;  d6,  is  oppos  te  he 

tnH         *  I     Ut?bar  ga",gl1?  5      the  terminal  or  C00C7geal  ganglion  ;  m>,  pharyn4u 
and,  lower  down,  laryngeal  plexus ;  pi,  posterior  pulmonary  plexus  ^.W. 
pneumo-gastric  on  the  back  of  the  right' bronchus  ;  ca,  on  the  aorta?  Z  c^L  Text 
towards  winch  in  addition  to  the  cardiac  nerves  from  the  three  ce^S  svmratS 
gang  ha  other  branches  are  seen  descending  from  the  pneumo-astric and reTnrrlXrl^ 
co,  right  or  posterior,  and  co',  left  or  anterior  coronary  plexus -  ^  ossop ZZTvletZ  iJ 
ong  meshes  on  the  gullet ;  sp,  great  splanchnic  nerve  formed  by  b  -anches  ffom  th?  fifth 

an tenth 7enti\eie^Vf  nfi"th1d0!-sal,ganglia;  +•  8raa11  o*£:™li 
ana  tentn  ,  +  +  ,  smallest  or  third  splanchnic  from  the  eleventh  •  th«  fir=+  „„,i  ,  r 

and  dividing  below  into  the  right  and  left  r  T  -r  Iuml)ar  ganglia, 

right  pelvic°plexus  ;  from  tA^^i^S^^FTT>  *l>  the 

on  the  superior  hemorrhoidal  vessel  mt  bv  svmn»L£  J         *y  from  the  P,exus 

behind  forwards  and  from'b^p^S  ^KSftBfiT 
e™o^^^^ 

some  are  added  from  the  solar  plexus  and  the  iorH„  1  s«milu^r  ganglion ;  but 
the  smallest  splanchnic  nerv^  ™H  a°rtlc  Plexuf-    Moreover,  filaments  from 

terminate  in  the  ^S^ieST  InlfcH^T  "^i  ^  ^  ^hn[c  nerves> 
ferent  sizes  are  formed  on  these  nertes    SW  8»nglia  of  dif- 

course  along  ^"^S^^ISSnr  SL^r^  ^  *  its 

downwards  to  the  testis,  the  spermatiT^™.  the  aort^  Plexus.  Continuing 
^^tho^defe^n.^^^^^^  *"h  others  whicf 
ateln*e  female,  the  plexus,  like  the  ^^dSuted  to  the  ovary  and  the 

of  «  from  the  fore  part 

nous  sheath,  and  subdivide  ,  Jh^Z^ZT        V  ^  °f  membra" 
plexuses,  the  branches  of  which  form  n^^i^™™^' ie**tie>  and 
of  arterial  anastomosis.    The  v^^ST^T'901^  ^  the  archcs 
splanchnic  nerves,  and  on  the  left  sideTbSL  ^      ff  m  °ne  °r  more  of  th* 
continued  into  it.    (Swan.)  branch  from  the  Pneumo-gastric  nerve  is 

The  coronary  plexus  is  placed  with  its  arW  i 
stomach,  and  unites  with  the  nerves  which  alon^ thc  8ma"  curvature  of  the 

with  branches  of  the  pneumo-gSSc I TrieT  ^  ^  Pyl°ric  arter^  aa  wel1  a8 
coats  of  the  stomach,  after  runnin-  a  short  Ji.f       ,  nemf  °f  thk  plexus  enter  the 

The  hepatic  plexus,  the  largest  of  theXi  ^   '  b<meath  the  P^toneum. 
with  the  hepatic  vessels  andTe  bileinct  !L  °f  ?"  ™V™  pIexus>  a8cends 

one  duct,  and,  entering  the  substance  of  the  liver, 
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ramifies  on  the  branches  of  the  vena  portoe  and  the  hepatic  artery.  Offsets  from  the 
left  pneumo-gastric  and  diaphragmatic  nerves  join  the  hepatic  plexus  at  the  left 
side  of  the  vessels.  From  this  plexus  filaments  are  furnished  to  the  right  supra- 
renal plexus,  as  well  as  other  secondary  plexuses  which  follow  the  branches  of  the 
hepatic  artery.  Thus  there  is  a  cystic  plexus  to  the  gallbladder;  and  there  are 
pyloric,  gastroepiploic,  and  gastro-duodenal  plexuses,  which  unite  with  coronary, 
splenic,  and  mesenteric  nerves. 

The  splenic  plexus,  continued  on  the  splenic  artery  and  its  branches  into  the 
substance  of  the  spleen,  is  reinforced  at  its  beginning  by  branches  from  the  left  semi- 
lunar ganglion,  and  by  a  filament  from  the  right  vagus  nerve.  It  furnishes  the  left 
gastroepiploic  and  pancreatic  plexuses,  which  course  along  the  corresponding  branches 
of  the  splenic  artery,  and,  like  the  vessels,  are  distributed  to  the  stomach  and 
pancreas. 

Superior  Mesenteric  Plexus. — The  plexus  accompanying  the  superior  mesenteric 
artery,  whiter  in  colour  and  firmer  than  either  of  the  preceding  offsets  of  the  solar 
plexus,  envelopes  the  artery  in  a  membraniform  sheath,  and  receives  a  prolongation 
from  the  junction  of  the  right  pneumo-gastric  nerve  with  the  cceliac  plexus.  Near 
the  root  of  the  artery,  ganglionic  masses  (gangl.  meseraiea)  occur  in  connection  with 
the  nerves  of  this  plexus* 

The  offsets  of  the  plexus  are  in  name  and  distribution  the  same  as  the  vessels. 
In  their  progress  to  the  intestine  some  of  the  nerves  quit  the  arteries  which  first  sup- 
ported them,  and  are  directed  forwards  in  the  intervals  between  the  vessels.  As  they 
proceed,  they  divide,  and  unite  with  lateral  branches,  like  the  arteries,  but  without 
the  same  regularity :  they  finally  pass  upon  the  intestine  along  the  line  of  attachment 
of  the  mesentery. 

THE  AORTIC  PLEXUS. 

The  aortic  or  intermesenteric  plexus,  placed  along  the  abdominal  aorta, 
and  occupying  the  interval  between  the  origin  of  the  superior  and  inferior 
mesenteric  arteries,  consists,  for  the  most  part,  of  two  lateral  portions, 
connected  with  the  semilunar  ganglia  and  renal  plexuses,  which  are  extended 
on  the  sides  of  the  aorta,  and  which  meet  in  several  larger  communicating 
branches  over  the  middle  of  that  vessel.  It  is  joined  by  branches  from  some 
of  the  lumbar  gaDglia,  and  presents  not  unfrequently  one  or  more  distinct 
ganglionic  enlargements  towards  its  centre. 

The  aortic  plexus  furnishes  the  inferior  mesenteric  plexus  and  part  of  the 
spermatic,  gives  some  filaments  to  the  lower  vena  cava,  and  ends  below 
in  the  hypogastric  plexus. 

Inferior  Mesenteric  Plexus. — This  plexus  is  derived  principally  from  the  left 
lateral  part  of  the  aortic  plexus,  and  closely  surrounds  with  a  network  the  inferior 
mesenteric  artery.  It  distributes  nerves  to  the  left  or  descending  part  and  the 
sigmoid  flexure  of  the  colon,  and  assists  in  supplying  the  rectum.  The  nerves  of  this 
plexus,  like  those  of  the  superior  mesenteric  plexus,  are  firm  in  texture,  and  of  a 
whitish  colour.  ,M 

The  highest  branches  (those  on  the  left  colic  artery)  are  connected  with  the  last 
branchcs°(middle  colic)  of  the  superior  mesenteric  plexus,  while  others  in  the  pelvis 
unite  with  offsets  derived  from  the  pelvic  plexus. 


HYPOGASTRIC  PLEXUS. 

The  hypogastric  plexus,  the  assemblage  of  nerves  destined  for  the  supply 
of  the  viscera  of  the  pelvis,  lies  invested  in  a  sheath  of  dense  connective 
tissue,  in  the  interval  between  the  two  common  iliac  arteries.  It  is  formed 
by  ei^'ht  or  ten  nerves  on  each  side,  which  descend  from  the  aortic  plexus, 
receiving  considerable  branches  from  the  lumbar  ganglia,  and,  after  crossing 
the  common  iliac  artery,  interlace  in  the  form  of  a  flat  plexifonn  mass 
pl-iced  in  front  of  the  lowest  lumbar  vertebra.     The  plexus  contains  no 
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distinct  ganglia.  At  the  lower  end  it  divides  into  two  parts,  which  are 
directed  forwards,  one  to  each  side  of  the  pelvic  viscera,  and  form  the  pelvic 


PELVIC  PLEXUS. 


The  pelvic  or  inferior  hypogastric  plexuses,  one  on  each  side,  are  placed  in 
the  lower  part  of  the  pelvic  cavity  by  the  side  of  the  rectnm,  and  of  the 
vagina  in  the  female.  The  nerves,  prolonged  from  the  hypogastric  plexus, 
enter  into  repeated  communications  as  they  descend,  and  form  at  the  points 

t Z 1, 7  SmaU  kn°tS'  Which  C°ntain  a  Httle  ganglionic  matter.  After 
descending  some  way,  they  become  united  with  branches  of  the  spinal 

2  2  rZ1 1  ^  a  feW  °ffSetS  °f  the  sacral  8^8^  a*d  the  union  of 
the  X ™        f°  -Pf T  ,PleXUS-    The  Spinal  branchei  ^  enter  into 
he  tfrd  •  and  S      Vr°m  ^  ***        fourth  SaCral  — > 

sacra nerVes    1ST  ^  fr0m  the  firsfc  and  second 

sacxal  nerves    Small  ganglia  are  formed  at  the  places  of  union  of  the  spinal 

peUk  vi sceraP     tT  «ous  -rves  are  distributed  to  the 

aitrv  and  v.rv  7^CTSP°nd  ^  the  brancheS  of  the  ****  *iac 
ai  ery,  and  vary  with  the  sex  ;  thus,  besides  hemorrhoidal  and  vesical 

nerves,  which  are  common  to  both  sexes,  there  are  nerves  spedTto 

aeierens  ,  in  the  female,  for  the  vagina,  uterus,  ovary,  and  Fallop  an  tube 

The  nerves  distributed  to  the  urinary  bladder  and  the  vaSna contat a 
^proportxon  of  spinal  nerves  than  those  furnished  to  tlfe othei  pTvic 

from^Lk^aTrjr  f^~T^  ^nder  nerves  proceed 
(superior\a^  ^  — 

and  penetrate  the  coat/of  th^ectom  meS6IlteriC  ^ 

and  lower  part  of  the  bladder  At  first  flT  P  °  Pl<3XUS  t0  the  side 
blood-vessels,  but  afterwards  thty  ^  ^T^^?"1 

minute  branches  before  perforating   tL  ,     '  and  subdmde  ^o 

Secondary  plexuses  are  /vef  in  tfe  ^TSe*   ^  f  ^ 
vesicula  seminalis  *°  the  vas  deferens  and  the 

furnished  to  the  micttZa  s,m^7;;   *  spermatic  plexus.  Those 

and  some  branche  p te  2  w  ^  mterlaceme^  on  the  vesicula, 

prostatic  nerves  rZfi^  ^  ^ 

and^^  of  considerable  8ize, 

furnished  to  the  prostate  and  to  toe  1!  ,  ^  the,  evator  Some  are 
then  continued  forwards  to  su»l  )l  ™ f  T^"  J  and  the  plexus  is 
its  nerves  are  named  «  caveZis.^       6reCtlle  8UbStanCe  °f  the  Pe™>  where 

Cavernous  nerves  of  the  penis'  Th* 

dissect.    Continuing  from  thn  1      ,  are  Very  slender,  and  difficult  to 

the  arch  of  the  pubes  and  throng £°  P  US  they  paSS  on™K  beneath 
the  membranous  part  of  the  UX  !  m"sc",ar  structure  connected  with 

anterior  margin  of  the  levator  ln?^u^,d0WUm  °f  ^  ^    At  the 

muscle  the  cavernous  nerves  are  joined 
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by  some  Bhort  filaments  from  the  pudic  nerve.  After  distributing  twigs-  to 
the  fore  part  of  the  prostate,  these  nerves  divide  into  branches  for  the  erectile 
substance  of  the  penis,  as  follows  : — 

Small  cavernous  nerves  (Miiller),  which  perforate  the  fibrous  covering  of 
the  corpus  cavernosum  near  the  root  of  the  penis,  and  end  in  the  erectile 
substance. 

The  large  cavernous  nerve,  which  extends  forward  on  the  dorsum  of  the 
penis,  and  dividing,  gives  filaments  that  penetrate  the  corpus  cavernosum, 
and  pass  with  or  near  the  cavernous  artery  (art.  profunda  penis).  As  it 
continues  onwards,  this  nerve  joins  wrbh  the  dorsal  branch  of  the  pudic 
nerve  about  the  middle  of  the  penis,  and  is  distributed  to  the  corpus 
cavernosum.  Branches  from  the  foregoing  nerves  reach  the  corpus  spongi- 
osum urethrse.  (Miiller,  "  Ueber  die  organischen  Nerven  der  erectilen 
manulichen  Geschlechtsorgane,"  &c.  Berlin,  1836.) 

Nerves  of  the  Ovary. — The  ovary  is  supplied  chiefly  from  the  plexus 
prolonged  on  the  ovarian  artery  from  the  abdomen  ;  but  it  receives  another 
offset  from  the  uterine  nerves. 

Vaginal  Plexus. — The  nerves  furnished  to  the  vagina  leave  the  lower 
part  of  the  pelvic  plexus — that  part  with  which  the  spinal  nerves  are  more 
particularly  combined.  They  are  distributed  to  the  vagina  without  pre- 
viously entering  into  a  plexiform  arrangement  ;  and  they  end  in  the  erectile 
tissue  on  the  lower  and  anterior  part,  and  in  the  mucous  membrane. 

Nerves  of  the  Uterus. — These  nerves  are  given  more  immediately 
from  the  lateral  fasciculus  prolonged  to  the  pelvic  plexus  from  the  hypo- 
gastric plexus,  above  the  point  of  connection  with  the  sacral  nerves. 
Separating  opposite  the  neck  of  the  uterus,  they  are  directed  upwards  with 
the  blood-vessels  along  the  side  of  this  organ,  between  the  layers  of  its 
broad  ligament.  Some  very  slender  filaments  form  round  the  arteries  a 
plexus,  in  which  minute  ganglia  are  found  scattered  at  intervals,  and  these 
nerves  continue  their  course  in  the  substance  of  the  organ  in  connection 
with  the  blood-vessels.  But  the  larger  part  of  the  nerves  soon  leave  the 
vessels ;  and  after  dividing  repeatedly,  without  communicating  with  each 
other  and  without  forming  any  gangliform  enlargements,  sink  into  the  sub- 
stance of  the  uterus,  penetrating  for  the  most  part  its  neck  and  the  lower 
part  of  its  body.  One  branch,  continued  directly  from  the  common  hypo- 
gastric plexus,  reaches  the  body  of  the  uterus  above  the  rest  ;  and  a  nerve 
from  the  same  source  ascends  to  the  Fallopian  tube.  Lastly,  the  fundus  of 
the  uterus  often  receives  a  branch  from  the  ovarian  nerve.  (Fr.  Tiede- 
mann,  Tab.  Nerv.  Uteri,  Heidelberg,  1822  ;  Robert  Lee,  in  Phil.  Trans., 
1841,  1842,  1846,  and  1849  ;  and  Snow  Beck,  in  Phil.  Trans.,  1846, 
part  ii.) 

The  nerves  of  the  gravid  litems  have  been  frequently  investigated, 
with  a  view  to  discover  if  they  become  enlarged  along  with  the  increase 
in  size  of  the  organ.  It  is  ascertained  that  the  increase  which  takes  place 
is  confined,  for  the  most  part,  to  thickening  of  the  fibrous  envelopes  of 
the  nerves  ;  but  it  appears  also,  from  the  researches  of  Kilian,  that  fibres 
furnished  with  a  medullary  sheath,  which  in  the  unimpregnated  state  of  the 
uterus  lose  that  sheath  as  they  proceed  to  their  distribution,  in  the  im- 
pregnated condition  of  the  uterus  continue  to  be  surrounded  with  it  as 
they  run  between  the  muscular  fibres.  (Farre,  in  Supplement  of  Cyclopedia 
of  Anat.  and  Phys.,  "  Uterus  and  Appendages.") 
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